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Revised Charts 6.03 and 6.04 are atiactsd to replace the charts
contained in the report. The curves in the =-iginal charts were based
on elementary considerations that yield resu.=s now found to be non-
conservative under scme circumstances. The =eviged curves are obtained
with the use of a somewhat more sophisticated analysis.

The revised curves are calculated with the use of information

In particuiar, they

are based upon dose rate curves for neutrons Ircident at various angles
upon material designated as "R;g," which is representative of ordinary
concrete and generaliy of most earth with a mcisture content of about
10% by weight. (They are conservative 1f the water ccntent is higher,
but err in the non-conservative directioa if ths water content is lower.
The data from Spielberg and Duneer must be wsizhted by the proportion of
neutrons which are incident on the barrier at various angles to the
normal. Since the data in Spielberg and Durz:r are givea for angles of
incidence of 0°, 20°, 45°, and 75, some assamptions must be made as to
the assignment of the percentage of incident zeutrons to each of these

avaeilable in a report by Spielberg and Duneer.”

directional groups, for the two cases of "ncrnal”

and "grazing” line of

sight. The discussion in Section 5.04 gives some information relative
to this assignment, but judgment must be emn.-yed a1so.
angular distributions, applicable to both Z.5 MeV and 14 MeV neutrons,

are a3 follows:

The assumed

Angle Normal line of sight

Grazing line of sight.

o° 15%
20° © o Lhot
450 . 30%
75° 15%

10%
35%
50%

The curves are normalized t6 an incide=: fiux of 1 neutron/cn? gec,
by using as a reference the dose in rads for za integrated flux of one

D Spielberg and A. Duneer, "Dose Atteauaticz bty Soils-and Concrete for
Broad, Parallel-Beam Neutron Sources,” AEC Iocument AN-108. Associsted

ﬂucleontcs, Inc. {May 1, 1958).
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neutron/vm-» as given in Table 2.2 of Spielberg and Dineer. This should »"’ 5“
give conservative results, since the flux incident on the slabd is not ) .
the sume as the total flux Just above the slab: the latter includes -

also the dose rate reflected from the slab. Tuis conservatism is desir- °
able bevnuse of unoprtainties in the accuracy of Spielberg and Duneer's
calculauons v
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1t 18 to be noted that the resulting curves are not highly dependent
upon the direction of the line of sight.

The reader should be advised that the illustrative example given
in Chapter 9 of the Basic report uses the data from the original curves
in Charts 6.03 and 6. Ol, and are incorrect to that extent. The methods
employed, however, are unchanged
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research may provide a better basis for the soloctioa.of rocommended velues
of human tolerances,

It has been sxsumed that those who will use this report sre
facillar with the following publications; "Effect of Nuclear Weapons®,
U. S. Covernment Printing Office; '"Design of Structures to Resist
Nuclear Weapons'', ASCE Munual No. 42 and "“Design and Review of Structures
for Protection from Fallout Camma Radiation, 1 Oct. 1961%,

CONTENYS OF REPORT :

In order to establish the general framework within which the
project proceeded and to state the general factors affecting the spproach,
the solutions, and the lI-ltat!ons. Chepter 1, "Basic Design Considerations*,
discusses the standards of protection, the tolerances of humans in @
shelter, the !nfluence of local ordinances and/or codes, and the role
of shelter management and operatlonal procedures.

The objective of Chapter 2, "Shelter Entrance Systems', Is
to state the specific assuweptions made in relation to the shelter entrance
system, Included herein are discussions of the alements of entrance
systems, the Influence of depth of structure relative to the outside
grade, the dependence or ingress traffic rates, and the operational
concept of the door closure as it affects the design.

The objective of Chapter 3, "Dimensions and Geometry of Entrance
Systems', Is to establish a range of recomsended dimensions of the system
elements and to catalog them in & convenient format., A number of
alternate geometries are presented.

In Chapter 4, "Ventilation Systems', the objective Is to state
and discuss the specific assumptions msde In relation to the ventllating
system. Included are discussions of the elements of the ventilation
system, Intake and exhaust structures, the effect of the location of
emergoncy power supply, and blast valvea.

Chepter S, "Effects Input Data%, prasents the weapons effects
parameters pertinent to the problem of the design of entraance and
ventilaticn structures appurtenant to » SO-psi shelter.

In Chapter 6, "Radiation Shielding Design Parameters®, and
Chapter 7, "$last Resistant Design Parsmeters', are prasented the

R i lb e it ean el abatne e ol aaanis v - v+



FOREWORD

The work undertaken on thiz contract pertains primarily to
the exploration of low-cost protection of shelter openings against
blast and associsted thermal and nuclear radiation, emphasizing
protection for 50 ps! for all weaspon yields and the associated effects
for 1| MT. The entrance structures considered srs of a gensral nature
appropriate to buried structures in general rather than to s
particular structure. The end result is an exssple solution to an
assumed entrance sltuation,

It will be noted throughout the report that there is con-
siderable discussion of the interaction between the shelter entrance
and various other shelter systems, It is virtually lmpossible to
design a shelter entrance without considering the Influence of the
shelter proper,

The protection of shelter cpenings has been restricted to
their architectural configurations and the structural and mechanical
elemants betwoen the ground surface and the enclosing structural shell
of buried shelters. These elements include the transition element at
the surface, the depth element to permit movement from one depth to
another, the corridor element (to serve as a passageway and to reduce
the biast and radiation intensity), optional interlock element, the
blast exclusion element (door) and the transition element between he
entrance structure and the envelope of the shelter proper. These
elements are considered separately In order that various conditions may
be satisfied, such as, ground terrain conditions; the location ~f the
shelter, i.e., buried, seami-buried, or surface covered; side or end
access to the shelter proper; shelter shape configuration; etc.

In order to accomplish the objective of this project, it has
been necessary to establish or to assume certain design criteria and
standards, Whlle soma of these, such as flow rate of personnel into
shelter are substantiated by orevious tests, it Is emphasized that
others such ss human radliation tolerances are not to be considered as
recommanded or prescribed allowables, The values used in thix report

were assumed In order to present a quantitative exsmple. Subsequent

v b n e s s0 b et S ——- s A T A g
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design criterie, the resistance expressions and the charts developed
to design various elements of an entrance system. The design charts
cover ¢ range of conditions so that one can select elements of @
particular strength or capacity to synthesize them into a design to
meet glven condltlons.

Chapter 8, “Design Procedure", Is based on the material In

the preceding chapters. It includes a general design procedure that is
followed In Chapter 9.

An example design solutlon utillzing the charts and procedures
developed In the preceding chapters is presented in Chapter 9,
“I]llustrative Design Example".
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CHAPTER 1. BASIC DESIGN CONSIDERATIONS

1.0  IXTPODUCTION

Az in all other engineering problems, the engineer Tnvolved ia
the design of protective construction wants to achleve a balanced design.
in Its simplest expression balanced design implies a 'one-hoss shay' con-
cept; that Is, the structure performs each of Its design functions equally
well and there Is no weak link. 1n protective construction, this would

. Imply that the occupants of the structure are protected to an equal degree

against all of the effects of nuclear weapons, [.e., thet the occupants
are not subjected to lethal doses of radiation In a structure which is
adequate to protect them from blast and vice versa,

Implicit In any design are two general conditions, (1) the Input
or loading conditions and (2) the limiting or tolerable conditions. While
these two conditions are present in conventional deslign, the problem Is much
wore complex for protective shelter design, 1t Is Imperative that ths
designer understand this distinction.

The situation as far as protective sholtefs 1s concerned may be
susmarized as follows: '

1. input (loading) conditlons. Both the blast and the radiatlion

Inten.ity vary Independently with weapon yleld, range and
helght of burst. Thus all must be specified as well as other
factors.

2. Limiting (tolerable) conditions. The occupant is protected
agalnst structural collapse by specifying a 1imiting deflec~
tion and against an excesslive amount of radiation by speclifyling
a limit of exposure In rads. The relative physiologlcal
effect upon the cccupants of exceeding each of these linits Is
not the same,

While the input ar./or limiting conditions may change as a result
of advances in weapcn technology and dellivery capability and of further
physlological research, the general design procedures presented hereln are
stil! applicable, The structure obviously is dependent upon the assumed

input and limiting conditions. ’
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Therefore, It Is the purpose of this chapter and Appendix A to
discuss in some datall the significance of these varying conditions Ia order
to place the overall problem In proper perspective, and to discuss the
influence of local codes and shelter management on the design problem.

1.02 STANDARDS OF PROTECTION
1) Factors in Balanced Design
(a) Variation In Effects with Yield. Table 1.01 and Fig. 1.0V
indicate the prompt nuclear radiation assoclated with various side~on over-

pressures from various ylelds of wespons. These calculations are based on
the assumptlon of low alr bursts. The table Is Included only to illustrate
the well-known fact that the ranges of the various effects do not vary In
the same way with weapon yield. Therefore, the first most obvious problem
encountered Is that a shelter can be balanced, In the sense definel nbove,
only for one weapcn yleld,

It has generally been the practice to speclfy an overpressure level
for design purposes and then to design radlatlon protection for the worst
possible Intensities of prompt gasma and neutron radiation associated with
that overpressure level. Since the prompt radiation at a glven pressure
level varies with weapon yleld, being higher for lower weapon yields, unless
some yield Is specifled th|s>requlrenent results In the prompt radlation
controlling the design, Of course, If the design specification had beea
to design for a given radiztion intensity, thz overpressure would coatrol
the design.

To elimlinats this ambiguity It Is necessary to specify a weapon
yleld. 1t Is apparent from Table 1.01 that the lower the weapon yleld the
higher the intensity of associated prompt nuclear radiation at any glvea
pressure fevel. Thus from the standpoint of redlation protection It Is
logical to choose as low a weapon yleld as Is reasonable. Howsver, In
terms of a mass shelter program and the yleclds of weapons avallable today,
it is not generally reasonable to contider weapon yields of less than one
megaton,

This selectlion does not eliminate the basic problem, of course;
the structure Is still not '"balanced’ to protect equally well from all weapon
ylelds., However, such a structure will withstand all of the effacts of o
larger yield weapon at a range which Is proportional to the cube reot of
the higher yleld,
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That s, '(w) (w) Rys W1 M7

where '(H) = range of specifled overpressure from weapon yleld of W
meqatnns, ft.
v = weapon yleld, MT

R‘ = range of specifled overpressure from 1 MT weapon, ft.

The above formulation is possibie becouse the overpressure
criterion will govern for larger yleld weapons.

A similar formulation for lower yields of weapons Is not so
simple because both prompt gamms and neutron radliation are Involved and
these two forms of radlation do not scale In the same way.

{t} Influence of Criteria. The criteris used to design for
protection aguinst the various effects of nuclear weapons has a bearing on
the question of balanced design.

There are many uncertainties Involved In the deslign of structures
to resist the blast from a nuclear weapon as well as many known variables
including those of loading, response wmode, materials properties, etc. If
the current concepts of blast resistaent deslign are employed, no factor of
safety, as such, Is used. The structure Is designed to permit some
"allowable' plastic deformetion which has been established as being
acceptable in the sense that the structure, though it may be damaged, has
served its Intended function; 1.e., It has protected its occupants agalnst
the blast effects of the waspon. In the general case for large yleld
waapons the theoretics! collapse load Is only slightly larger than that
required to produce the "allowsble'" plastic deformation,

in the case of design for protection agalnst proept and residual
nuclear radlatlion, the design criterion Is some "allowable’ dose Inslde
the structure. This dose Is gencrally much 1ess than half the medlan
lethal dose.

Since the uncertainties Involved In the deslign for protection
agalnst blast snd radliatlon are probebly of the same order, It seens clear
that the consequences of exceeding the criteris In each case are not

comparable. for purposes of discussion, sssume that the collapse load of
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a structure can be predicted within a factor of 2 and that the radlatlion
protection afforded by the same structure can be predicted with the seme
accuracy. The consequences of exceeding the allowable dose by a factor of

2 are aerious, but not nearly as potentially catastrophlz to the occupants

as the consequences of exceeding the true collapse load of the structure.

The fact that there are genetic as well as som=stic consequences of a signifi-
cant radiation dose can be used to justify the difference In the criterla.
However, the fact does remaln that the question of what constitutes a
balanced design 1s affected by the design criterla used.

The purpose of the above discusslion Is not to challenge current
criteria but simply to emphasize that these criteria do have a bearing on
the question of balanced design. What appears to be a balanced design may
‘ot be balanced In terms of the consequences to occupants from exceeding the
ohysfological criteria established.

(c) Effect of Orientation on Protectlon. Another aspect of
the problem of "balanced design' involves the effect of weapon-target
orientation on the protection factor which one computes for prompt nuclear
radlation. In general, the structure Is designed to withstand the blast
coming from any direction; however, because the protection factor varles
significantly with orientation for a gliven structure, the radlation shielding
design Is most often based on the worst case, or, what Is believed to be
the worst case. As a consequence of this approach, the probability that the
shelter occupants will be subjected to a prompt dose In excess of the "“allowabl
Is less than the probability that the structure will be subjected to a peak
overpressure in excess of the design peak overpressure.

Although this document deals with the desion of entrance structures,
the effect of orientstion can be 'llustrated most simply by consideration
of a rectangular structure whose roof slab Is flush with the ground surface
(See Fig. 1.02). The worst case for this structure is a burst directly
overhead, Since the solld angle fraction through which the radiation Is
belng received Is relatively large for practical structures, the reduction
factor Is due primarily to barrier attenuastion.

Assume that the structure Is desigoned to withstand 50 psi peak
overpressure from a | MT weapon and asso lated prompt nuclear radlation,
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From Fig. 3.67a of Ref. 1.0, It s apparent that the range st which the
50 pst ove}pressura level exists varies only slightly with helght of burst
up to a helght of about 5,000 ft. Above that helght of burst the range
decreases rapidly with helght.

The free-field prompt nuclear radiatlion associsted with the range
of SO pst for a low alr burst Is as Indicated In Table 1,03

Prompt Gamma 43,600 rads
Prompt Neutrons 4,400 rads

Because the values In Table 1.0) are based on 8 low alr burst and an alr
density of nine-tenths of atmospheric density at sea level under standard
conditions, approximately the same intensities of prompt gamma and neutron
radiation may be expected st the same slant range {4,600 ft.) up to a helght
of burst of 4,600 ft. From the standpoint of prompt nuclear radiation, the
worst case for thls shelter would be a burst directly overhead. The mass
thickness required to reduce the prompt dose to some “allowable’ dose may
be determined by the method outlined In Ref. 1.02. For purposes of
Illustration, if 20 rade is sssumed tn be an ''allowsble"” shelter dose of
prompt nuclear radiation, a mass thickness of about 700 psf Is required
when the weapon Is detonated directly overhead. The same mass thickness
overhead would reduce the prompt dose to lazs than 1 rad i/ the weapon
were detonated such that a 11ne from the center of the structure to the
point of burst were 45° from the vertical. In fact, It can be shown that
for the 45° orlentation, the weapon would have to be detomated within
2,330 ft. of tha shelter to exceed 20 rads Inside the structure,

The purpose of the preceding discussion Is to demonstrate the
slgnlflicence of orlfentation on the range st which » glven structure will
be eble to protect its occupants against the two primery effects of
Interest, 1.,e., blast and prompt nuclear radlatlion,

if the weapon were detonated at an altitude of 2,330 ft., the
range within which the weapon must fall to exceed the deslign overpressure
on the structure |s sbout 4,600 or 4,700 ft. However, the ranée within
which the same waapon must €fall to exceed the "alloweble' proept radliatlion
dose Inside is about half that distance. That Is, for a helght of burst
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of 2,330 ft., the overpressure on the structure will exceed 200 pst before
the ''allowable’ prompt radlation dose would be resched Inside the shelter.

This ralses the busic question about the probabillity of obtalning
the worst case.

Nowever, before discussing general probablITty conslderatfon, It
stould be noted that as far as the occupants of the shelter are concerned the
important factor }s the total radiation dose that they recelve, regardless
of how It s recelved, 1,e., through the shelter proper, through the
entrance system or through a combination of the two. Thus, the worst case
of orlentation for the shelter entranceway will no: simultanecusly be the
worst case for the shelter proper In most cases,

2) Considerations of ProBablllty. To Investigate the probablllty

of a glven event (e.g., the probablllity of exceeding some overpressure at
the structure) In the most unsophisticated fashion requires knowledge of at
least three parameters:

a. The location of the designated ground zero (DGZ), f.e.,

aiming point; '

b, The aiming error In the weapon system assumed;

c. The range of some specifled damage criterion (This in general

requires knowledge of the yle!d of the weapon to be employed).
When the target analysis is belng conducted from the defensive standpoint
the snalyst does not have control over any of these varlables. Yet a
probabllity study can be Informative.

With regard to the first parameter mentioned, 1.e., the location
of ground zero, It Is not reasonable to assurme that the shelter under
consideratinn Is a target, per se. That Is to say, it Is not reasonable to
assums that It Is at the DGZ. A more reasonable assumption for the case of
s sheiter for the general population is that a typical shelter Is at some
distance from the BDGZ., On the other hand, It Is not reasonable to assume
that the shelter Is too far from the DGZ primarlly because there is no need
to provide a shelter which will withstand 56 ps! and assoclated close-In
effects to serve a population located at a great distance from a reasonable

target ares (e.g., a critical military Instaliation or a major population
center).
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A wmore sophisticated approach would requfre a study of a complex
of shelters distributed In various patterns; l.e., various models of
population and thus shelter distributions would be required. However, the
baslc ldeas Involved -can be .obtained from a study of one shelter entrance
as is shown frw Appendix A. )

From such a siudy. it is apparent that, in the general case, the
probablilty of the worst case orientation for prompt nuclear radiation i3
small compared to the probability that the structure will be subjected
to the design overpressure under the same set of conditlons. Further,
because the range of varliou: effects do not vary In the same way with
weapon yleld and helght of -burst, it can be seen that a different "balance"
would be required for each set of design assumptions. Therefore, a
“balanced design' in the strict sense Is not possible.

3) Recommended Procedure. In view of the dilemma posed by the

preceding considerations, the following procedure ls recommended:

a, Determine the worst case orientatlon for prompt nuclear
radiation from the architectural configuration of the
entranceway. It is possible to do this in most cases
without too much calculation,

b. Determine how far away the weapon must be detonated to
produce the design overpressure on the surface of the ground
at or near the structure for that speciflic orlentatlion,

c. Calculate the prompt nuclear radlatlon at the slant range
determined by step b,

Althcugh this procedure does not ''balance' the design, it does

provide a ratlonal approach to the problem which will result in a logical
solution,

1.03 HUMAN TOLERANCES

. 1) Blast. Recent research on mortality in small animals
subjecfia&!b sharply rising overpressures (Ref. 1.03) has revised somewhat
the esfl-ate of the effects of overpressure on humsn beings. A susmary of
the data Included In Ref. 1.03 Is tabulated below,
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p(mex) ps! Probable Blologlcal Effect
slde-om or reflected
S-45 1-99% eardrum rupture
15-25 Thrashold of lung hemorrhage
3I5-6S 1-99% mortality

S

The latter two pressure ranges apply unly to sharply rising pressure of
“long" (> 400 msec) duratlon.

The side-on overpressure level for which the shelter under con~
sideration Is designed Is presumed to be 50 psi which Is about the median
lethal overpressure. Therefore, It Is opparent that blast closure devices
sust be Insteiled in all openings leading Into the structure. Leakage of
gas at high pressure through cracks, etc., around such closure devices might
occur. The pressure rise Insida the shelter would not be sharp; however,
the maxiaum pressure In the structure sust be kept to less than approximately
10 psi to preveat excessive eardrum damage and secondary blast damage to
personnel by thelr being knocked about inslde the shelter.

Although this report does not d2al with the design of the shelter
proper, It 1s soted In passing that s maximum overpressure of 5 psi, even
though It Is oot spplled as a shock, cam cause considarable demage to llightly
constructed Interior partitions thus cresting a hazard to personnel in the
shelter. ‘

2) Psclear Radiation,

(g) Promnt. A susmary of the clinlcal effects of acute lonlzing
radiation doses is Included In Table 1,02, This table Is reproduced from
Ref. 1.01 (Tsble 11.111, p. SO1).

As stated previously, there are genetic as well as clinical effects
of such radiation to be consldered., [f only somatic damage wers of Interast
the "allowsble® ¢ose might be as high as 100 rads, When genetlic damage Is
considered, the "allowable' dose under emergency conditions must be set at
some lower fleure,

Tho Extional Committee on Redistion Protection and Measurements
(Ref. 1.04) hes taken the position that the concept of permissibie exposure

cannct be appliied In the usual sense Im such emergenclies as a nuclear-wer,
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the breakdown of a nuclear reactor, or an accident In a nuclear ensrgy
Industrial establishment. Thelr report states (p. 2), *The problems of
controlling exposure to radiation In a nuclesr war are Inordinately complex,
and thelr solution s not susceptible to rules of thumb or to the principles
of radiaticn protectfon based on past experfence. It I's not possible,

for example, to assign values for ‘permissible dose'.' The document

further states "The alternative to prescribing permissible doses for
speciflic tasks or for specific groups of people Is to prepare guldelines
describing the consequences of exposure to the amounts of radlation which
might be encountered, . . . . This report was prepared to help civil
defense officials make proper declsions In prepaiv=tion for naclear warfare
and during the first few months after an attack."

Ref. 1.05 states In Sectlon Vil, Radliatlion Shlelding, paragreph
B, "In shelters offering resistance to blast; the shielding required to
adequatcly reduce the initial gamna and neutron radliation shall be
calculated at the range of the design overpressdre, using methods approved
by the Office of Clvi) Defense. Using these methods, the Inside dose
from initial radiation shall not exceed 20 rad." '

Since some permissible dose from Initial gemma and neutron
radiation must be assumed in order to design a shelter, and in lleu of any
wore valld Information, a permissible dose of 20 rads has been assumed for
this study,

{b) Residual, The protection factor agalnkt radlatlon from
residual contamination which will be provided by designing the shelter to
protect Its occupants from close-In effects will be higher by a couple of
orders of magnitude than the minloun specified (100) for fallout shelters.
However, at the 50 psl range the accurmlated dose from fallout gemma s
very high and the minimum protection factor Is simply not adequate.

1t Is noted that according to current estimates 3 dose of
between 30 and 80 rads is required to double the rate 2t which spontaneous
mutations are already occurring In humans. (See Art. 11,200 of Ref. 1.01).
Above that level the number of gene mutations are belleved to be approxi-~
mately proportional to the tota! radiation absorbed by the parents. A

dose of 100 rads Is the threshold of somatic damage to humsns. in this
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regard, some porsonnel (n the shelters may have to be exposed to additlional
doses for varlous purposes such as rescue and repair operations. Kecepling
the total accumulated dose (prompt plus residual™ In the shelter well below
100 rads will not only reduce the genetlic dsmege, but also will reduce the
ctinlcal damage to those personnel sho may have to perform recowery opers-
tions In & less sheltered environment.

Therefore, In the absence of any specific criteria, a residual
radiation dose of 20 rads has been assumed for thls study. Thus the total
accumulated dose (prowpt plus residual) has been sssumed to be 40 rads which
is significantly less than the 100 rads discussed in the preceding paragraph.

3) Alr Quality. A conslderable ssount of research has been done
in the area of environmental englneering for shelters (Ref. 1.06). Of course,
smuch of the work done on alr quality control In submarines and space capsules
is dlirectly applicable. Ref. 1.07 contalns a good summary of the effects
of three significant variables on shelte- occupants. Tables 1,03, 1.04 and
1.05 concerning the effects of oxygen deficlency, carbon dioxide, and
carbon monoxlde content were extracted from Ref. 1.07,

In addition to the sbove, the effects of heat and cold on shelter
occupants have been studied thoroughly, Table 1.06 taken from Ref. 1.06
lists acceptezblo and tolerable thermal 1tmits for healthy people at rest.
These limits are expressed in terms of effective temperatures (E.T.) which
are not the some as the dry bulb temperature, Table 1,07 taken from the
same reference lists the effective temperature as a function of dry buldb
temperature and relative humidity.

Based on these studies, standards of 2lr quality for design

purposes may be established as follows:

Oxygen Content '|71 min.
Carbon Dioxide Content 1.5% max,
Carbon Monoxide Content 0.01% max.
Effective Temperature
Lower Limit 50° F.
Upper Limit 85° F.

These standards ai« included, even though this report does not

cover the design of the mech:. ical system, !n order to provide the necessary
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background for comsideration of Intake and exhaust stmctur;s‘ and tM!‘!l" _
‘possible effects on the sheltcr entrance design. ‘

IS 2N

1. 04 COMPLIANCE WITH LOCAL BUILDING CODES

it has been assumed that existing local” ugulalm will apply -
to the design of sheiters bullt for civilian accupancy and thus control ,
certaln aspects of the entrance and openling designs developed under this W
contract, Compliance with local regulatfons Is therefore desirable In
order to tnsure widest acceptance of the desligns, especlaily since the
spplicable regulations are generally uniform throughout the country snd o
represent expirical standards of safety or comfort not subject to rigorous v
analysis and significant Isprovement. 'However, the use of this design
criterion automatically eliminates s number of entrance solutions such 3

as ladders, sllides, flrahouse poles, etc,, which present sn accident risk
considered unacceptable by code authorities,

With reference to entrances, the bullding codes define minlsum
width and helght, stalr detalls, slope of ramp, numbar and locations of
exits, ete, Thase dimensional restrictions are based on long experience
with disester prevention and Insure the least probadllity of casusities
under the type of panlc conditions which may obtaln at alert time.

Howevar, it must be noted that the exit codas were developad to enforce

~ the safety of human traffic woving outward from the fire risk or threat

~ gensrated In & crowded Interlor to the velutive safety of the outdoors,
The exit codes therefore lwply & lack of traffic restraint beyond the
exit bottleneck, Pracisely the opposite situatlion exi=es in the shelter
case slace traffic will flow from the unrestricted open Into the relatively
congested conditions of the shelter and one wust assume soms foeddack i
affecting traffic In the entrance system. Hence the current exit codes
should be considured a3 representing rvelativaely tibersl vestilctions mot )
to be exceeded In any clrcusstance. Simllarly the traffic estimated for :
stated dimensions In the codes s likely to be on the high ilde,

With reference to ventilation openings, the codes generally -
apply to comfort levals somewhat greater than the minieum spacified for .

‘shalter conditions by the Office of Civil Defense, -Department of Defense, '
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1.05 SHELTER MANAGEMENT AND OPERATIONAL PROCEDURES

1) General, It is the purpose of this section to discuss only
those aspects of shelter management and operational procedures that relate
to the problem of designing low-cost p-otection of shelter openings. It
is, of course, cbvious that sny large scale program of shelters for clvi?
defense purposes would of necessity require a rather extensive snd complex
shelter management organization not only for each Individual. shelter, but
also for ths shelter complex within a given level of local governmeate!
authority. The functions of such a shelter management organization sad
the operational procedures would ba Indeed varied and would Include, 23 &

minlsua: security, cosmunicatfons, medical, messing, berthing, malateasace,

atc,

A discussion of the oversll shelter management organixzation Is
beyond the scope of this report, However, there are sevaral facets of the
shelter management program and the cparatlionsl procedures that would be In
effect before occupancy, during loading of the shalter for occupancy and
during the occupancy that do lndead affect tha entrince configuration, the
blast closurs, the type of operation, etc. Several assusptions must h
wade on these us they affect the malntanance of the closures bafore occue
pancy; tha control of the flow of psople durlng access to Insure safe
entry Into the shelter, prevention of cverloading, preveation of paric,
and the closlng of the door prior to the arrival of the blast weve; to
lasure the malutainlng of the blast Inteyrity after closure; and to lnsure
agress after the parlod of occupancy,

It sust be assumed for purpoies of this ceport that as » wlnlmm
the shelter management provides a security sad » malntensace capadliiny.

2) Securlty. The securlity capabllity as a elnimm must insure
the opening of the door when requiced for sccess, the orderly wovement of
people through the entrancewsy into the shelter propar and swiy from the
entrsnce, the prevention or sinimlization of panic, the closing snd securing
of tha door aftar entry, the blast Integrity during the occupsacy perlod,
and the opening sfter the occupancy pericd.
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These considerations Influsace the entrance confliguration
(1.0., ramp or stairs, single or double width corridor, etc.; horizontel
or vertical closure, swinging In or out, etc.) end the method of opening
the daor either as designed or under emergency conditions.

3) Maintensnce. The malatenance capablility s & minimm
aust Insure pre=disaster matatenance of the closure units and remaval of
debris to allow free movement and complete sealing of the closure; the
pra~disaster removal of debris from stalrs or rampa and corridor; the
pre-disastar maintenance of fuel supply, smevesacy power, and Vighting
fixtures for 11luaination during entry; and the provision of tools to
Juck open or dismantle the door, or cut=throush for smergency escape in
the event the door falls to apen after the emsreeacy.

These conslidaratioas Tafluence the type of closurs units, thale
support and sealing appurtenancas, thelr method of actuation and operatios, 3
etc, ”

- -

———

. -
4) Sccupancy, The type of occupancy, l.e., age, sex, and physical
well~belng, will materlally affect the eatrsace design., If the occupants
were a1l young and vigorous males, a pols for siiding tagress and a rops P
ladder for sgrass would bs satisfactory s a minlaus, For sialler occupancys 5
8 vertical entraacewsy with & peswansat laddar or » chute would be ' . uZ:
parmissible, Howevar, for heterogensous occapency, 1.9, wale and feusles
of varying ages, stales and posaidly vanps seuld ba ragulred, ~
Aged or Inflem occupants pose speclal prodless, Persons entering r;"
on crutches can be handled satisfactorily, Access In o whael chalr would
vequire ramps with a ralstively gentle slope. Bcapt under sn swergency
evacuation of the shelter, egress would probably be orderly and assistence
would pose no particular prodblem for occupants in wheel chalrs. Stretchers
or 1itter cases wiuld not only requlre relstively gentle slopes a3 in the i
cate of wheel chalys, but would also require wider corridors and/or leis O
~ sharp bends In order to wegotlate the corhers om the reeps arndfor corridors, |
Mo recossendations have been made In this report for entrancewsys i
to sccommodate occupants eatering la wheel chalrs, stretchers, sadfor
Htters., ¢
'$) Anyress/Eqreis After Atgack. From the standpolat of lagress :
aad/or egress after sn atteck, as lons as the closure ualt has ot susteimed ° 3
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3 i axcassive plastic deformetion or become Jammed, there Is no particuler problem. .
5 ; ingress may be required after an attack to accept late arrivals, transferees Qﬁ
- i from other shelters, medical, repalr, Or other parsonnel. Egress may be -
' required for sedical, repalr, rescus, decontamination, or other personnel F;

% to perform recovery tasks and to remove slick, Injured, or dead. ki

; if the attack has been of a contaminating type, l.e., radloactive ;ﬂ

; fallout, blological, and/or chemfcal, provision would have to be made for N

2 decontaminating entering personnel and malntalning integrity of the intersal £

3 environment, It Is assumed that alr locks and decontemination facllitles, 5

if provided, would be provided on the protected shelter side of the blast o

closure. These have not been Inciuded as part of the entrancewsys designed g

heraln. It s further assumed that adequate water supply, shielding, and >

provislon for disposal of contsalnated water and clothing from the decom= . N

; tanlaation fachlity wuld be provided,
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i PROMPT NUCLEAR RADIATION ASSOCIATED WITH VARIOUS SIDE-OK :
!: OVERPRESSURES FROM VARIOUS YIZLDS OF WEAPONS (LOW AIR BURSTS)®
. ‘ i
R Yield Renge(ft) Prompt Prompt Total Proept
Ganea {Rad) Meutron (Rad) {Rad)
30 ps! Level .
100 KT 2,600 54,000 < 33,000 87,000
E 10 Mt 12, 140 - ~0 140
50 pgl Level . |
100 KT 2,140 121,500 102,000 223,500
l 'ﬂ' 4.@ ‘3.500 ‘.m ‘8.“
10 a7 $,900 1,400 ) 1,400

L

E

1,620 350,000 400,000 750,000
3,500 215,000 T 45,000 260,000
7,500 23,800 200 24,000

-8
- $-3-1

N “These data were calculated from *The Effects of Nuclear Wespons = 1962%
R AR assuming that the halght of durst wers low cnough so thet the slant range

K ;; Is approximately equel to the horlzontal distance from ground sero but
B high enough so that shielding by dust thrown up by the detonation Is
R negligible. The alr density Is taken as 0.9 Cimes the density ot ssa
, .7y level,
’
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TABLE 1,03 |
- t
EFFECTS OF OXYGEN DEFICIENCY . ;
(FROM 2£F, 1.05) _ S
. ' :.
: . .
Oxygen Content ' Effects

'; of Inhaled Alr,

Percent

20,9 No effects; normal alr

e a2 ———

] 15 o lmmedlate effects . i
- 10 Bizziness; shortness of breath, deeper
e : and more rapld respiration, quickened ' !
. pulse, especially on axertion : ,

- ' . ? Stwpor sets In ' '

T -‘ o .
o K 1 i 1ble with iilfe
D ] Ninimal concentration compatible w |
e 2.3 BDeath withi f Inutes
e . - n a fow mninu ‘
l1 . [l
il 4 it
. P 3
. ‘
A
1] ', 0 |
Ot L}
¥
.
'.‘*
: I
M .
.
:
" v
X
AR
Qs ) }
N .
R
.. A
"\‘ S 3 .
« M .
O} *
R . .
et ] i {
* o« u ., N
;
e .
'1 .'u
: ]
o,
. .
KA
Ve I}
!
o * s .,
. . 1
* s 1
. .
. .
ST
i - { .
T -
Y R
it .. e
RN . §
. N 1
. '.- . .t t
[N [ 5
LAY N ,*‘ ®
. X .
t‘. A.- -
. ‘.
Py 3 i
) >
RS v
3 R ..
KX .  eeresent it e = 9470 A b S8 P 7 £ b bt i o £ 1oL S e AAEY e e e
o Lt ey oo s e et 1o o et o i y - _
» -, EERURIN 2 > @Y st it 4 e -"...“q' .‘.\:‘ .
. * v < - ™, -
I A



T

’
.

3T
e

-3 . : « : f_
: " e . | | 4 W
N :" ' . .xj

P . . - -
4..: . . : \_:
kA TADLE 1.04 ) .
K . p . -
3 i

EFFECTS OF CARBON DIOXIDE - OXYGEN COMTENT m
(FROit REFERENCS 1.05)

T Ty

R L W I

Carbon Dioxide _
Content of Inhaled . Effects
Alr, Percent .

0.04 ' o offects; normal eglr

.
7

4 W-'

oo vopeen e o e e BRI T WY I "\‘W*x",m“‘k,

N ;~: ' 2.0 . Sreathing desper; air Inspiced per breath
. R : jncreased 30 pareent

- : 4.0 Sreathing much dewper; rate slightly

T R T e T A T T T

R quicksnad; considarable discomfort <
_?. -_ E ;f §,5-8 Breathing extremaly labored; almoat unbear- .
S able for meny Individuals; nausss say occur .
a {\ . r

: = 7-9 Limit of toleranca =
. 10-12 Snebility to coordinate; unconsclousness In 5
2 " shoul ten winutas i
w ;‘ | 15-0 Symptons Incraass, but probadly not faisl .
- ‘ la one hour :

;. N : . 8- Dlminished respliration; fallout of blood .
! preassure; coms; loss of reflexes; onastimsia; N

! gradus) dasth after some hours .

¢

. g

f

L]

-

*

SNy P o e 4y pag— et Tt v A w7 ey e *'*“*W‘ b isnavainll

~.-u.:~“ PRNENT RIS ‘-ni‘.... _..-:“ PR SRR ~‘;".‘:~ -ﬂ:\“.\'i e \lﬂ. - e

¢ f b
AR RIS \_.\ ot AR -‘h_"".ﬁ\_-"‘ -“_d\‘-“ W ",‘l‘-' \ \ ‘ﬁ“"hq“ u\ .\' “"\i‘" ~ \l‘ \ \b\b.‘.h\}.\‘ \




e e
4 . f
.

. YA .'; [
[V

"

et e s gty

.

TABLE 1.0

EEFECTS OF CARBON MONOXIOE .
(FRON REFERENCE 1,05}

Carbon Konoxlide
Content of Inhaled
Alr, Percent

Effects

Potsible alld frontsl headachs after txo to
three hours

‘Frontal headache and nauses aftesr one to two hours;
occipital {rear of head) headache after two and
one-half to thres and one-half kours

Headache, dizziness, ond naused In forty-five
minutes; collapse and possible uaconsclousness
in two hours

Neadache, dizziness, and nausen In Cwenty minutes;
colispse, wnconsciousness end poasible dsath lo
two hours

Seadache snd dizziness tn five to ten minutes;
w.conscliousnsss and danger of death Ia thirty
minutes

Headacha and dixxinass Tn ona or two minutes;
unconscliousnens snd dangar of death In tea te
fiftesn wlaoutes

lamedlate offect; uncoasclousnsss snd danger of
death o one to thres minutas

0.02
0.04
0.08
- ] 0.16
0.32
o j
J . 0.“
!
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. a

R
. n 3
; y
. ACCEPTASLE, AMD TOLERMSLE THERMAL LINITS FOR 3
HEALIMY PEOPLE AT REST PROPERLY CLOTHED 5.
. . ’\’\' '
: Limits expressed In terms of Effective Temperature (E.T.}, which Is the ; .
temperaturs of satursted air with sinimum air movement (See Table 1.07) g |
1 Lowest tespersturs endursble In cold woather for ° E
i - at least two wesks In emergencies 3B ET, d -
’ Possible chilblain, or shelterfoot i 35-50 E.T. ’
; Comest a&.optnbh for continuous exposure. S0 E&.V. ’ ‘
i Hanual dexterity may be affected
; "Optima* for comfort, with 60% relative humldity
! or less 68-72 €.V,
Parspiration threshold, Accepteble for
i continuous exposure % LY.
H
. Endurable in emergencles for at least two waeks, 8 E.V,
f Possible haat rash In proionged axposuras
e Possible heat wxhaustion In uiacclinatized pacple 8 EY, . |
Possible hsat exhaustion In scclimatized persons 92 E.T. , _‘
| i
! P
: Extracted from ‘Yolerance Limits of People for Cold, Heat, snd Humidity |
: ta Underground Shalters,® by C. P, Yaglou, Ref. 1.06,
i b
| ; ;
a :
i
? .
!
3 |
f t
3 s
! ?
; |
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TABLE 1.07
" EFFECTIVE TENPERATURE

Effective Temparature (E.T.) is an empirical heat tndex based
- on human sensations. It combines the temperature, humidity, and movement
- ' of air into a sensibly equivalent tempersture of saturated alr with

| @inimal alr motion, In unventiiacad-underground shelters whers the air
is almost saturated with moisture, the £,T, will be practicelly the same
as the dry bulb tempsrature. For unsatursted atmospheres the E.T. can be
computed from the table below. (Ref. 1.06)

ny bulb E.T. for relstive husiditlies of
g temperature , .
- e 60% N% . 8% °0% 100%
. 50 50 50 59 50 50
‘ 6 58 59 s 60 [
: ) 6? (3] 68 6 ®
- 75 n n »n 7 »
. 80 " 7% n » 80
88 ;) 80 a2 33 8s
90 83 8 88 a8 90
s 87 & s1 93 95
| 100 % 9 95 98 100
|
i
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Total Prompt Nuclear Radiation, rads

0

< (9300)

indicata Range

Values In Parenthesas

f1,

"l 3 - L,
X S ‘ : k- N -
N % SR 5
. 1c® — E,
| (1620].= v
. - i
y L100KT— =
: ; | —=—(2140 (3500 3
/"'- .
: of 4 w1 | 3
! 10 \ v
: E—(2600) : - =
: (4600} - -
A (7500} N
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; (5500) ]
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SECTION A-A

Case | ; Buzst Overhead
Cose 2; 45 Orientation

FI1G. 1,02 RECTANGULAR STRUCTURE WITH RDOF SLAB FLUSH WITH

CROUND SURFACE; TWO ORIENTATIONS WITH RESPECT TO POINT OF OETONATION
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_ CHAPTER 2, - SHELTER ENTAANCE SYSTENS

2.01 IKTRODUCTION

The final salection of the type of entrance best suited for a
specific situstion can be made anly aftar a mmber of different factors
have been considered. Hany of these factors are Inter-related snd do
not lend themselves to independent consideration. Howaver, In order to

discuss the varlous factors It s essentfal that they be Tsofsted and that

thelr mutual effect be considersd only In the fimel synthests,
1t s desicable to summarize the various factors offecting the
design of entrance systems before exsmining the Indlvidual factors In
detall, Such a summary Is Indicated by the foilowing tabulations
1) Site Conditions.
a. TYerraln - level or sloping
b. Bullding density and proximity
c. Relation of shelter to outsids accass level
2) Capacity and Safety.
a. Shelter system (Isolated or Integrated)
b. Varning time
¢e Decontaminaticn aves
d. Interlock
e, Type and locatlion of doors
f. Vidths of doors and corridors
9. Numbar of doors
h. Type of depth slemsnt
1) Stales
2) Rawp
i. Paychological conslderstions
3) Structural Resistance

8. Overpressurs

b. Incidence angle

c. Turns or bends 1a corridor clement
d. Negative phase
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4] Radiatfon Protectlon

a. Through door
b. Turns or.bends In corridor element
c. Shlelds or barrlers
&, Length of corridors -

§) Door Operation
a. Slimplicity
b.. Effectiveness
c. ‘Muttoning Up* time
d. Vulnerability to damige or blocklng

6 tost

The objective of this chapter Is to state the specific assusptions
wade regarding the shelter entrance system. Discussed are the elemants
of entrance systems, the depth of the structure relative to the outside
grades, the Ingress traffic rates, and the operatlional concepts of tha
entranco systom a3 they Influence the design of the entrance systeam,

The concept of the entrance system In this report is that of an
integrated self-supporting system consisting of several clemsnts., The
door frame Is included In the system although Its support may be Incorporsted
In the shelter structure proper. The discussion Is appropriate to
burled structures In genaral rather than to a particular structure.

The capacity of the entrance systess s based on the wmoduler
principle. A wmodule s rated ln terws of Its capacity, f.e., the number
of persons per minute whlch It can accommodate, As discussed In Sec, 2,04
of this chapter, this s a varylng quantity with time, Tharefore the
numbar of entrance system modules required will be a function of the
werning time and the cepacity of the shelter proper.

Although no consideration Is glven in this report to the mmber
of entrances requlired for a particular shelter, 8 few comments are In
order regarding the requirement of an emergeacy escape arnd the orientation
of entrances If move than dne are requived, In order to lnsure apaning
of the door after an attack, the door structurs should be restricted to
relatively small permanent deformitions or should be designed such that
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: the deformations do not prevent _the door from being opened. |f plastic g '_f
deformations are designed for and/or occur, provision must be made g_.::_::f
elther for jacking the door cpen or cutting it away, or for separate %‘““"
emergency. escape mosas. i ‘33'

If the 0GZ (deslignated ground zero) Is known or can loglcally g\\
be assumed, all entrances should be orlented swmy from'the DGZ, In order E :-_j:-_:j
to minimlize the lavels of hlast and nuclear radistion. Similarly, If ; ...\.L
the capacity of the shelter is such as to require more than ¢he entrance B .
and {f the DGZ Is unknown, the entrances should be oriented at least : '
90° apart. Vo reduce the debris hazard the eatrance structures should i: N

‘ be connscted to opposite ends or stdes of the shelter. ) g "

| 2,02 ELENENTS OF ENTRANCE SYSTEMS g'“

: The protection of the shelter opealngs has been rastricted to i
the structural and machanical elements of the eatrance system batween %
the ground surface and tha enclosing structural anvelope (shell) of the 2:_ N
shelter proper. These tnclude the followlng: -

' 1) Surface Transition Element. At the ground surface whare .
the antranceway system emerges, attention sust be pald to its locatlon \
with respect to bulldings which wight bacome a debris and/or Incendiary - :;;:::
hazard, 1ts orlentation with respect to say sost probable ground zers, N
ground water conditions, surface drainage conditions, backfil) compactioa, § :‘:

©  absence of vertical protuberances preseating a sizablae ‘2al1® srea to T
the blast wave, proximity to utility ilnes which when Jamaged might prevent :j'.‘,':‘:
ingress and/or egress, structural strength, eRc, I «f.‘::'.

2) Dapth Element. The dapth element provides for descanding j'

to the leval at hich the shelter proper csa be entered. It woy consist -

of ramps or stalrs andfor bends or turas. The dimensiocns {widths, helghus,
slope, rlses, tread, etc.) are in general dictated by codes whose Influence
is discussed in Chapter 3.
3) Corridor Element. A corrldor element may be required

batwesn the riser elesmant snd the shelter for one of sevaral reasons,

®.9., to parmit one risor eloment to serve more than one shalter, to
provide » lccatlon for wachinery that should be Isolated from the chelter,
or to provide sdditional turns and/or leagths for radlation snd blast
attenuatioa that are not provided la the depth element. ’ .
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The actusl conflguration of the corridor element Is determined
by the requiremants for the perturbation of the blast wave and the
attenuation of both the initial and residual radiation. These configura~
tions are discussed In Chapters S and 6,

4) Interlock Element. An interlock element provides for late
acrivals to enter the shelter without exposing the people in the shelter
to the blast wave. The actual Interlock system may or say nat be cone
sldered a saparate element, as the only u'\ajor ‘festure of an Interlock
Is two doors with a holding space between. Hence, it could be »
separate element within the sheltear entrance system with two corridor
doors and an Intervening corridor, or It could be an exterior door at
the surface and » corridor door with the Intervening corridor and depth
elements serving 83 the storage area.

S) Shelger Transition Element. This element simply makes the
transition from any of the other elements (corvider or depth) to the
shelter proper. [n some situations, when the blast load on the door s
transwitted dirsctly to the sheiter, the shelter transition elesent wild
be a structural elemant.

6) Door Element, The door element conslsts of the door
1tself, a5 the mesns of excluding positively the blast pressure; the
hinges, vollers, or other supporting mechanisms; sealing devices to
prevent flow of alr under response and vebound; the supporting frame;
and any mechanism for msoual or sutomatic operatlon of the door. Tha
required strength or resistance Is a funcelon {1) of the oclentation
of the door, snd/or the location of the door; {2} of the ratio of the
positive phase duration of the dlast wave to the natural pericd of the
door: (3) of the span and length of the door; and {4) of the method of
support; 1.e., slaple or fixed, In one or in two directions.

Since tha problems associated with the desion of the door
element ave 8 signiflcant part of the total problem of the entrance
system, 3 subsequent section has been devoted solely to a discussion
of closing mechan!sms,

7) Decontamination Element. Some pruvision for a decontaminat
ares aust bu included in any large shelter complex. While it might mot
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be used upon the initial entry of shalteress, it !tﬁelf would be used
during the post=-attack operatlion. Such an arez might be Tancorporated
within the sheliter proper or within a separate and alternate entrancs
corrldor. A discussion of the design criteria for a decontamination

arex s boyond the scope of this report,

2.03 SITE CONDITIONS

The sTte conditions of the terrain, the proximity of other
structures, the tecation of utilities and the relation of the shelter
with respect to the outside access level materlally affect the selection
of the entrance system, These conditions themselves may affect or be
affected by other entrance systeam requirements, e.g., capacity snd
safety, structural resistance and radiation protection. While these
factors must be separated for discussion, the final selection’of a
particular sntrance system 1s dependent upon the synthesis of all of
; the pertinent factors.
{ It is Impossible to have & single entrance system that will
satisfy all the possible site conditions and shelter types that may be
encountered, Therafore, fur discussion purpcses In thls-chaptor. four
1dealized situation or cases have been assumed. " 1t |5 belleved most
3ite conditions and shelter types can be ldeallzed to correspond to one
of these four cases, All cases portray buried or covered structurss,
with 4 ft, of overburden and an 8 ft. clear helght from the shelter
entry level to sheiter celling, The four cases are described as followe:

Cass | Outside access level 12 ft, above the sholter entry
level. Ground surface ls spproximeteily level,

PPN

Case 1! Mounded or semi-burled; outside sccess laval 6 ft.
i sbove the shelter entry level,

Case 111  Mounded, eurth covered; outside sccess level and
; entry level at same elevetion.

Case IV Coverad or burled shelter; antrance is through o
! vertical door, as In a basemant well or other
: vartical surface,

When depth elements are used, two types dre considered, l.e.,
8 10 percent rowp and & 7 3/4 in, riser = 9 1/2 In, trend stolrs, Ao
discussed in Chapter 3 these vepresent the meximum slopes for egress and

Ingress.,
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The four cases are presented In Figs. 2.01.and 2.02. As showa
in Flg. 2.01, Case | and Case Il may be used for any floor to celling
heights, as well as for multiple stories. A similar situstion is
applicable to Case fIt (FTg. Z.0Z). The limiting conditfon fs thst
direct acco{ss is made 8 ft. + below the ceiling of the upper story.
if the story helght s greater than 8 ft., then an Inslide stalrs Is
required as tal(b).

For sounded construction, Cases i1 and 111, two side slopes
are illustrated, 1.e., o 1:1 and a 2:1., While there are advantages to
both slopes as far as the door Is concerned, the 2:1 slope Is about as
steep as can be attained when the stablility of soll is considered,

. Figs. 2,03, 2,04, 2,05 and 2.06 show the four ideslized
situstions, Cases 1, U1, 11! and IV, respectively. Both a stairs and
a 1210 remp are shown for Cases | and 11, while 2 horizontal corridor
only 1s shown for Case |11 and. IV, Doors are shown only at tha surface -
(except for Case V) In order to compare the approximate lengths.
Vertical doors, of course, could be Inatalled 1a any of the corrlidoe
elements, However, since the site conditions do not materlally affect
the design of Interlor doors, they are not considerad In this sectliom.
It also Is important to note that whila the design pressure 1y differest
for the exterior doors at different angles of Incidence, all Intevior
doors must be desigaed for & reflected pressure. Rafer to Chapter S
for a more complate discussion,

It should be noted also that some of the drawings In Flgs,
2,03 and 2,04 Tndicate a depth element only, A corridor elemant of
any deslred length may be Incorporated ln the design, a3 required by
other considerations. Fig. 2.03(b) has only a depth element, wheress
Fig. 2.03(c) hes a corridor alement also,

The use of & J:10 ramp for Case 1 s not practice! as shows
fn Flg, 2.03(a). While, as previously stated, sn Interlor door could be
used, the surface opening Is 30 large that it bacomes lmpracticel, It
13 -bellevad that la any cases where 8 ramp wust be usad, such a3 for a
hospital, that either Case I} or 111 becomes wore prectical, particelarly
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Case {11, Stalrs become a very practical:-solution for Cese 1, as showa
in Fig. 2.03(b) ‘and (c). The major advantags is thet the door is
relatively short and parallel with the ground surface. Simce it is
flush with the ground it is designed only for the side-on overpressure
rather than a higher reflected pressure when st some angla to the
horizontal,

Fig. 2.04 compares the use of a stalrs and a ramp for Case 11,
The statrs again appear the more reasonable solutfon 1f a long corridor
1s not required by other considerations. .Flg. 2.05 Indlicates that even
with a 231 soil slope the door 1s not unreasonably long. If fill were
available this case probably would be preferable for hospital construction,

Vhile It Is impossible to draw definite concluslions as to
which type construction may be most deitnbh for a specific case,
without actuelly computing the cost of the entlre entrance structure and
without welighing the relative blast and radiatlion protection, some
general conclusions may be drawn at this point. in general, the stairs
are llkely to be most desirable for geners! use. ([t pernits wore
flexibility In that the corridor element may be as long or have as
meny turns as 1s destrad, ‘

The advantages and disadvantages of the four casas may be
susmarized a3 follows:

Case |

1. The N10 rawp requires too tong a door or exposed opening.

2. The flush hortzontail door way be designed for the least
pressure of any conflguration,

3, This cave Is mos* applicable when the ground above Is to
be used for scac purpose such as a.playground, perking, etc.
Case 11

V. Prodebly the best solution for most cases Ia that the
construction makes use of waste soll,

© 2. Nay not be sultable for multl-purpose use of laad due to
mounding sround the shelter,

3. Use of the stalrs masy be desirsdle particularly vhen Vand
Is at & premlum or in a congested ares.
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Case 111 !
. Excellent for hospitals and other facllities muir!bg L
: gradual entrance slope. _ .
2. Requires an excessive amount of fill from a borrow pit.
Case IV o
1. Restricted use only . ' g

2, The door through the wall must be consrdered only as &
direct access door from the bullding.

3. Since this case Is very susceptibie to blocking dus to
debris, it is essential that an additlonal exit be

provided, preferably as far away from the building as :
possibie, .
2,04 ENTRANCE TRAFFIC RATE | o o P

The untrance traffic rate, i.e., the traffic flowing pust a
glven point of a shelter entrance, uniquely describes the capacity of aa
entrance system and provides the best criteriom for comparing system
efficliencles or costs and for selecting optimal entrance systems as &
function of such Independent variables as alert time, contributing
population density and distribution, shelter capacity and rumbsr of

entrances.

The traffic flow rate Is expressed as the number of people
moving per unit width (or foot of width) per minute and, as will be ‘ ,,
discussed In Chapter 3, varles according to traffic density or velocity, :

as well as the width and slope of the entrance system. For [nstance,
assuning a minlmum effective width of 22 {n, for the access and door
olements and an “approvaed' stair conflguration, the averuge entrance
rate works out to bc 40 persons per minute for a density of | person
per 6.5 square feet and a velocity of 1,5 miles per hour., The pask
trafflc rate for the same conditions of width and density Is 60 persons
per minute corresponding to a veloclity of 2.25 miles per hour,

The data and cbservations on which traffic flow Is based are
reasonably conslstent and can be ecasily improved by ad hoc exparimanta« \
tion under slwulated conditions, These date sre discussed and the
applicable trefflc rates are tabuleted in Chapter 3, The criterlion
involves both a pssk and an aversge rate estimated from available dats, )
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The use and valld}tv) of 'tthcse-tu,o rates are predicated on the assumption
that the traffic through the entrance system witl follow a distribution
curve with a slow bul1dup following the alert siren and peaking somewhat
befora the end of the alert period. Traffic distributlon curves wiit

of course vary widely according to local site conditions, but total
traffic can be estimated by multiplying the averags rate by the number
of minutes warranted by these conditions. '

2,05 MECHANICAL SYSTEMS OF DOCX CLOSURES _

1) General., Ir other sectlons of this report materlal is
presented which permits the designer to choose from a variety of
configurations and several different materials the door which will be
required to resist the loads imposed. The cholce which Is made from
among all of the possible solutlions may be influenced to & considerable
degree by other factors. The ideal type of doov would be simple to
'operata. would be comparatively cheap, would require virtually no
maintenance and would make an absolute soal. These requirements tend
to work against one another,

In the final analysts the optimum closure mist meet certaln
requirements with respect to Initial cost, malntenance, safety, sealing
and support. In additlon to these Items It must satisfy certealn
psychological espects of estrance and egress, For tha wide variety of
cholces available it Is Impossible, without consideration of a spacific
case, to discuss in detall the many possible solutions. The final
chofce will depend to a great extent on the lmportence assigned to the
several Items mantloned above.

For purposes of discusslon the general systoms of door closure
have been separated into elther s1iding or hinged,

2) Hinged Doors. Within this category consideration must be
glven to doors which swing back into the entrance corvldor or (nto the
shalter 2res. It is possible, depending upon the confliguration of the
entrance tunnel, that this type of door could also be wounted somewhere
slong the tunnel, Should this be the case the factors snumersted In
the following still hold, The basic differences between the two systems
occur In the consideration of support requirements, seallng and 1n the
paychologlcal consliderstlons,
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» . Sec. 2.05

P (a} Cost. For the Joor proper thcn ts no particular - s
difference In the makeup regardiess of whether the door swings Into tln "_'
entrance corrldor or Into the shelter area. The basic structural systess .

would be identical and therefore cost would not be & consideration. The
most important considerstiom iw the cost for this type of door Iy ths need 5
for automatic closure devices as opposed to manual operation, P

(b) Maintenance. HMaintenance for this system should be
» alnimum provided the proper materials sre chosen for the door hings, . . . T
the sealing materiai and the latching devices. .

(c) Safety. This particular conslideration Is difficult
to discuss In a stralghtforward manner because it Is Intimately connected
to the psychological aspects of the problem. A door swinging back lnte P
the entrance corridor provides certaln advantages since anyone in , ..
front of the door at the time of closure would be swept by the door Into .
the shelter. The particular disadvantage of this systom Is that Ia o
the event of panlc or accldental movement the door could be closed
prematurely by those sesking entrance to the shelter. The first require-
ment then Is that some positive steps must be taken to prevent such &n
occurence,

On the other hand In the case where ths door swings Into the
shelter ares this difficulty does not occur since thnse seeking entrance
to the shelter sutomatically keep the door cpen. The problem of closing
8 door which Is hinged In this dlirection presents s very serious problea,
Such a system would place a great deal of pressure on the person respansidle
for closing the door at the proper time. It would be his responsibliity ,
to dissuade those seeking entrance In order to be able to close the door ,
for the safety of those already in the shelter. On= can easily visuallze !:-
the dlfflculty of carrying cut the mechanical operstion under these !.j
clrcumstances and this aspect of the problem will not be discussed further, ‘

In both cases under considaration It would be necessary to b
provide for a change In elevation betwean the tunnel floor and the
shelter flcor. Ono case would require & step up Into the shelter and the
other would require a step down, This change In level Is required In N
order to be sble to provide sealing at the bottom of the door to prevent .

LRI B 1

P

e RS

- L.

T Ap———

[ el il LTSN

PR 32 T

<y e
"\.‘"";‘“.’*‘t“" __,.‘ ,*... m R ;u‘w‘ A e e e -o--oo.—w-r-— ‘-\.‘rw‘»\ovw'v*‘»« -—wagr -y !—qur : 1—-"..‘ -

N T “"‘“
AT RN AN e 'I‘st h\.g.\\.\ A Y
JRPS RIS SN S N S .AA‘ ‘ .LL.‘_LL ot W N " n % 4, Pl s

-
AT S s T SN
O PSRN \.'\.‘-.Q e e




Lol

e v e e e 3

st —

YR A o e g

Sec. 2.05 - | s
any bulldup of pressure within the shelter. A change ia elevation can be
provided for most easlly with a hinged plate, either steel, aluminum

or timber, similar to that shown in Flg. 2.07. This plate couid easily
be filipped out of the way when the door {s finally closed. HNore complie
cated systems could be devised easlly to accomplish a safe access to

the shelter. Such systems would Involve considerabiy more cost without
adding significantly to the operation of the shelter.

(d) Seallng. Under this heading consideration must be
directed to both the positive and negative phases of the blast. The
discussion hereln 1s based on the assumption that the hinge Is expected
to support only the welght of the door and not to resist any of the load
from the blast. On the contrary in some cases it Is spacifically designed
as a flexible arrangement to permit the door to seat itself properly
and to provide a better deal. In the event that a system Is designed so
that the hinge does resist some of the blast load, special cars wiil be
requl red to Insure proper sealing, '

Al of the systems for seallng, as well as for support which
are dlscussed later In this section, require some adaptation of the basic
structural system to meet the requirements for sealing and for support,
in the case of a plate and beam type door such an adaptation would consist
of & complete frams made up of angles or channels or a bullt-up sectlon.
In the case of a relnforced concrete door some motallic elements would
have to be cast into and as an Integral part of the door. For doors
fadricated from other matarlals similar arvangements will be requined.

The simplest system by which seallng can be provided is shown
o Flg. 2.08. in this case the frame supporting the door Is enlarged I
such a manner as to overlap the door opening, A solld or hotlow sesl
Is placed around the complete door opening. The size of this seal Wil
depand on Its distance from the door apening and the extent of the
doformation of the door under the positive phase, DOurlng the positive
phase of the blast any deformation of the door wiuld tend to rotate the
Joor edges In such & manner as to destroy the sesling propertics, In
addition, the seal must be of sufficlent slze to provent Its balag
rendered Ineffective during the negative phase., The exteant to which this
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is _p_ossm. depends on the mechanlcal system used to provide suppord
dt}?lng this phase, -
Althcugh other matertals may be aovclopod for this application,
It s suggested thot the seal be made of a rubber, neoprens or a butyl
to provide sufficient res!llency for Increased sealing pctential us the -
reaction on this material Increases. In locations where cold weather
can be expected, rubber should be osed with caution since It may bocome '
g brittle or lose Its resilieacy. ' .
E 2 ' A seal provided In this manner can be attached to elther the -
i . ' supporting structure or to the door by means of soft metal clips which
f.’ . will deform under relatively low pressure. The hings supporting the _
Y door should also be designed as a flexible Vink so that It will be free ;J
to deform as the load Is applied to the door and thereby cause the seal -
to become effective.

This system Is by far the simplest and requires the least
accuracy ta the fabrication of the door itself. Relatively large
Inaccuracles In door dimensions can be tolerated. The system dces, . -
however, require that the proper attentlon be directed to support for

_ the negative phase of the blast,

i Ancther sealing mechanism |s proposed In Fig, 2,09, As In the
previous system the frame supporting the door is enlarged Im such a »
i sanner as to overlap the door opening, in this case a Y-shaped sppendage s
s attached to the face of the door, This sppendage Is Intended to '
functlion as the male part of tho seal. The female portion of the seal
Is a cast gasket which I3 placed In 8 groove in the supporting structure
- sround tha periphery of the door opening, Sosmawhat greater accuracy
2 will be required In the fabrication and Installation of such & systes; ot
" X howsver, by sloplng the sldes of the T and of the groove In the cast ‘,"
‘ gasket this wunlt can be designed In such o manner that the sesllng :-.‘
e o ‘ potential will Increase as load is applied to the door, It will be _
o necesssry for the cast gasket on the vertical side of the doer mearest ;.‘_
» the hinge to have 8 groove of a different deslign In order to parmit
the T-section tc make & proper satry when the dosr Is closed,
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, Mthougb this system requires souuhat greater accurscy. than -
that previously described it has the advantage of providing good seallng
characteristics during the negative phase. By a simple adjustment of
the dspth of the T-section and the corresponding groove in the cast
gasket the expected deformation during rebound or the megative.phese
can be taken Into account. . _

Two additional systews are shown In Flgs. 2.1G and 2,11, Both
of these systems require. greater accuracy In both door dimensions and
supperting structure dimensions than the systems previovsly discussed,
In both cases the door Is fabricated on the basis that It will enter the
door openling provided and the sealing characteristics are derived from
this fact. In Fig. 2,10 al) sides of the door are taparad as are the
sldes of the door opening, At the point where the door-and the door
opening are In contact a neoprene, buty! or teflon gasket Insert is
provided. As the loed is applled to the door its deformstion automaticilly
increases the sexling provided., It Is obvious that this system will
require considerable accuracy in both the door dimensions and the dimen=

“slans of the opaning since a small discrepancy could destroy tts useful=

ness. This system could be modified to require less accuracy In the
following wanner. The door could be fabricated with square sides and
the door opsning provided with taperad sides, B8y using @ hard material,
for exampla teflon, on the edge of the door and a softer mateartal on the
door opealing, for exawple necprens, It would be possible for the teflon
to deform the softer matsrisl on tha door opening and provide an
excellant seal,

Flg, 2.11 1s somswitut a modiflication of the system presentes
In Flg. 2,10 which would require somswhat less sccuracy i fabrication,
The system agaln provides sealing as a result of the uedging action
Introduced when the load Is applied to the door. In thls case » tapered
place of hardwere Is sttached to the door elong the edges. This tapered
plece comes lnto contact with 8 second tapared plece cast as an Integrel
part of the door opening. Elther one or both of these tapered pluces
can be lastalled with s necprens or buty! gasket atteched to It, The
necessity for this letter {tem can only be determined om the basis of
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tha accuracy which can be required in tbe-fabr!cat!o_n of the door and . :
in the e_onstruetloa of the door opening. ) ;

it must be remesbered that this particular system could not o
be used on the vertical side of the door nearest the kinge. On this
side of the door a system sinllar to that presented In Flg. 2.10 would
be required.

Although this latter systea has many adventages over all of ) _,.
the others presented it has one sertm‘dlsadvanngc which must be _
considered. In this cise the support for the door during the positive '

e e v i = ¢ e b e 0

phase of the loading is provided directly by the sactions attached to k
the door and the structural element cast into the door opening. There-
fore, the connection of these eiements to thelr respective partners must p

be sufficlently strong to resist these load intensities without fallure,
(e) Support and Rebound. These two Items are discussed
together because of the manner In which they are inter-related. For doors
which are mounted on the outside of the shelter the support for the
positive phase Is provided by the bearing of the door on Its supporting -~
surfaces, However, rebound and negative phase would require a separate .
support system, This support system must be designed so that It will
not yield, since any ylelding would probably destroy the seal provided, .
For the positive phase the only raqul rement 13 that the struce Y
ture surrounding the door be desligned and relnforced to resist the
maxiam load which the door can reslst, This requirement would mest
certalnly result la an Increase In the amount of veinforcement In this
reglon end might possibly require an tncreass In tho thickness of the
concrete In this areas,
i In order to provide for the rebound or tha negative phase the
" supporting mechanism should be designed for onehalf (1/2) the pesk
prussure durlag the posltive phase, As mentlonsd sbova, support for
this type of loading awst be provided separstely. Such 8 support
system can be most easily provided by s system of dogs or boles or -
pins. The slmplast system which would fnvolve the least cost and the '
least accuracy in fabrication would be 8 system of doys simllar to thote
shows I Flg. 2.12, These dogs provide s wedging action snd, as such,
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t : g pull the door Into posltlon to: provldo sullng durlng both the positive xf_‘
and negative phase of the loading. L
R % The next system which might be uployod, in crder of Increasing ?-»
. - scsusacy requiced, wouid be a system of bolts. In the cases whers the L
' j:: { door does not extend to the Instde face of the supporting struc:ure It
' { ' s necessary to provide a sultable exteaslion in order that the bolt will
siide and bear on the Inside face of the supporting structure, o
. XP A pin, as used hereln, ¢ sisply a bolt which extends Into a \:
: “ " tole provided In the supporting structwre. Such a system necessarlly |
R requires greater accuricy In alignment of the door and the supporting
'. _‘ ] structure In order to insure that the pias will mect the holes provided
’ a with a sintsum of tolerance. The tolerance must be kept to a minlmum =
. ¥ ! because of the necessity of providiag for adegquate mltng during the "
L. | negative phase, h
The systems enumerated abovas cam be actlvated singly cr as a
) unit. An automatic system simllar to that provided om a safe door could g
: ‘3 be provided In such a sanner that all umits became engaged simultanecusly, K
: A ; Such a system wuld, of course, sdd ¢o the cost of the door mechanisa :
E 5 : in proportion to the sccuracy requived. '
¥ \: For any of the Jteas mertionsd sbove 2ot less tham six such
S : dogs or pins shuuld be provided for swy ona door, These should be »
g - : distributed In such a manner a3 to provide two along esch long dimension m
3 .. | l of the door and one along the short dimension of the door. 1t would :’.3
R ' ; be prefersble If the supports are placed not wore then 2 f2. center te "
% center n order to preciude & local breskdown In tha seallng provided, f“:
= i For the case In which the doer swings [nto the shelter ares E
‘ j'.: : the problem Is complicated only to the sxtent (hat swch mschanicel -
b systens wust provide for the positive phase. For this reascn thelr . :
= deslgn and operation would ba wore critical and 8 foolproof system "
C N would be requived. Under such clrcumstances It would prodably be '
;f:. preferable to provide a system whereby a single operation would engege L
s ‘:f: all of the dogs or pins, The tota) capacity of the dogs or pling E"_
provided should be such that they would act yleld at & load equivaleat 3:3
. to the yleld capacity of the dosr provided. f‘.:
{ T
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(f) Door Design. There is no particular distinction
between the two types of support except for those mentioned In connection
with the systems necessary for support. No particular difffculty s
anticlpated for this item, but strengthening features around the
pin locatlions or the dogs will probably be required.

(g) Psychalogical Aspects. Some parts of this prodlem
have already been discussed In connection with safety and those mentloned
shove are certainly the west prominent. The only other probles from this
standpoint Is In connection with the requirements for opeaing the door
when exit from the shelter Is possible. In the cose where the door
swings Into the shelter there Is mo difflcuity, Howsver, for the case
In which the door swings into the entrance corvridor the possibliiity
of Jamming the door by people trying to enter the shelter.ls Increased.

3) Sliding Doors. This. particular system of door closure (s
aore difficult to evaluate because it has such distinct adventages as
well as disadvantages. The use of this typa of door closure wuld be
depandent primarily oa the exteat of malntenance during exteanded perliods
of lasctivity. _

(a) Eosg. The Imitlal cost of machanical systems for
this type of door may be vory slightly higher than for the othar system,
Howsvar, this difference Tm cost will In sany respects be outwelghed by
other considerstions. In term of cost of the door Itself thare wwld
be Vttle, If any, difference Batwsn this typs of door snd the hinged
type.

(d) Safaty. Coaslderaticn of this ltem ladicates thet
the horizontal sliding doer has distinct advantages over the vertical
sliding door. The horizoatal sliding door would be someshat sfower
In Its responss to the signal to clote unless zome wechanical system
was lastelled, Ooors desligned for ths prassures considersd In this report
wuld not be extremely heavy snd, If provided with & sufficient wubar
of rollers, the movement of horizonta! sliding doors should provide no
difficulty. The vertical siidiag door, on the other hand, although
positive In its response to gravity would de considaradly more daagysrous
and would requiré some buffliag system at floor level,
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Sec. 2,05 - - M

. “{e) Sealing.. This item requires that we distinguish K
between doors which siide on the inside or on the outside of the
shelter. For doors which slide on the outside of the sctual shelter
entrance sealing for the positive phase can be sccomplished by a
passive system of relatively si{mple desfgn. Provisfon for adequate
sealing durlng rebound or durlng the negative phase would require an - {
active system as well as consideration of the magnitude of these two
Items,

PPy .4-4~m‘f.’>l“!\ry:

In the case where the doors slide inside the shelter, active
sealing would be requized for the positive phase while the rebound and
negative phase would be adequately provided for by the passive seallng N
' provided by the same syitu used previously. Since active sealing

- g

machanisms are not easy to design and are subject to cons lderable i E.
difficulty In operation It Is more reasonsbie to provide some system
wiiereby sealing can be accomplished in all cases by passive systems,
Because of the deformatlons expected to occur In the "
structural system of the door and because of the dependence of tha t"‘
s1iding operation on the geometrical configuration of the door It is o
_ necessary that conslideration be dlrected flrst to tha problem of
i guaranteeing the silding action sven after severs damage to the door,
This is wost readily accompiished by framing the door In the manner
; shown In Fig. 2,13, In this dlagras we have showe the structural door
' framed within sa assesbly of channels, The size of these channels I3
chosen 30 that the dimension 4" Is greater than the maximum doformation ]
expected to occue In the door. Even If this deforwation should occur
the door would stiil be opersble since all clearances provided will be
such that they will be able to accommodate the dimension " AN =
The location of the sliding door msy vary and three llkely ‘
locat lons ore shown In Flgs. 2.14, 2,15 and 2,16, If there is a turn
within the entrance tuanel, the locatlon showm in Flg. 2.14 has several
sdvantages. It Is out of the wey and does not interfere with any other
operations, It also may enlarge the capacity of the shelter by providing
protection withia the corridor itself. The mechanical systems lmportant
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to its operatlion are easily accessible and therefore can easily be .
examlined 3ad malntenance operations carried out with 3 mintmum of
effort. Flnally, part of the suppcrt Is provided by the corridor well
and oaly one auxiliary coltmn Is required.

The location shown In Flg. 2,15 has the advantage of providing
& layout shereby the seaifng operstion Is easlly accommodated by passive
systems for both the positive and nagative phases. Thls systea has »
nusber of very serfous disadvantages which restricts its use to those
sttustions in which no othar system Is appropriate. First, maintensnce
is extremely difficule, If not Impossible since the door 15 stored In
a slot provided between the corridor wall and the shelter wall.
Secondly, and very important, s that this appendage to the entrance
tunnel procided for storage of the door presents serlous problems with
respect to its design, Finally, there !s the problem that in the evant
debrls gets lato the channal In which the door rides or In the cavity
in which it Is stored It may be lwpassible to open It vhen exit from
the shelter becomes possiblae.

The flnal location to be considered Is actually In the shelter,
This system s very slnllar to the systes shown In Fig. 2,14 ia that all

of the mechanism is quite sccessible, However, as shown In Flg. 2,16,this

particular arrangement requires two columns for support durlng the
positive phase. It Is preferable that these columns be such that this
load I3 mot transmitted to the shelter ttsel¥,
Az meationed earller in this diacusslon active seals ore
difficult to provide and someshat uncertain In thelr operation,
Cons ideration must therefore be given to mezas for providing pasaive
seals to accomplish tho recessary Isolation of the shelter. For the
case showm Ia Fig, 2,15 1¢ has been polnted out that this is takea care
of automaticaliy and seals of the type shown In Fig. 2.08 will suffice,
it 12 necoisary to sdd some additional mechanical system to
the doors im the case of the conflguration showm in Figs. 2.14 and 2.16,

A relatively sluple and Inexpensive system whereby this canm be accomplished

i3 sketzhed in Flg, 2,17, {a this system the maln structural door Is
attached to » frame of channels which In tum Is connected through a
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seriaes of elongated siots to a second frame of dmme‘ls. The door can
now be moved In such & manner that It is forced into position with cme
channel frame compressing a pa;slve seal against one fsce and the other

channe!l frame compressing a second set of passive seals against the other

e

: : supporting face.
: Fovement of these channel frames can be accomplished in say

3

of several ways. A serles of screw jacks provided around the perimiter § k:
would permit the channe! frames to be extended until adequite sealing ' i |
had been provided, This particular system would be a littlo slow, A
better method would be to provide a wedge in the form of a can which |
when rotated approximately 90 degrees would force the door into position.
The flnal system, which is the most desirable, but alsc the most ! A

; expensive, incorporates a pre-pressurized hydranlic or gas operated |

’ system connected to a set of jacks around the perimeter of the doer.

» Such 2 system would have four distinct advantages. First, it would be
quick acting and would require movement of a sliagle valve In order ts
sctuate the systom. Second, the pressure withla the system would be i
capable of correcting for any deformation which wight occur In the 3
primary supporting structure provided It 13 not excessive. Third, am
auxiliary hand operated systom could be Incorporated to parmit operation
of the systes In the event of a loss of pressure. Finally, pressure .
within the system could be removed by bleeding off some of the gas er g
hydraulic fluld, This system thersfore Incorporates all of the wosg
desirable features of a seallng system,

’ (d) Support and Rebound. It has already been shown how

‘ the support system could be provided, For tha case shown in Fig. 214,

convent (onal procedures of designing for blast loeding would perult

calculation of the requirements fur reinforcesment nseded.

In the cases shown in Figs. 2.14 and 2.16 1t s also relatively
sasy to provide support and conventional procedures can be used. Mowsver,
In these cases it Is necessary to design the supporting columns for the
positive phasa In such a manner that little, ¥ sny, plastic deformetion
results, This roquirement must ba reviewed in the 1ight of the systam
provided for the proper operaticn of the sesl, .
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(¢) Door Design, Sliding doors offer some advantage
over the hinged doors since they are supported on all fYour edges.
Kowever, In view of the extremely 1ight construction required for the
prossure levels belng considered 1t s doubtful that this particular
Item would provide a substantlial saving in cost.

(f) Psychological Aspects. The primary advantage of
the stiding door system Is that the entrance tunnel I's completely
unobstructsd by sy part of the door 1tself or by any hardware asscclated
with its operation, '

2.06 OPERATION COMCEPT

As has been previously discussed, many factors other than
technical deslgn considerations affect the selection of an entrance
systesm, Some of these are psychological, while others have to do
sofely with the operation of the shelter itseif. One of the factors
that must be considered Is the actual opening and closing of the shelter
door O doors. Who, whan and how? The answer to the flrst must rest
with the preoccupancy planning, The answer to the other twd ure not
as slsple, '

in the first plece It Is unreasonable to expect that all or
even 8 large percentage of the shelter occupants will arriva et the
sams time. The question “Should the door be cpened and thereby endsnger
all who already are Tn the sheltar? must be answered. Tha only means
by which those already in the shelter can be protected when the door
is opened If by the Incorporation of & double-door Interlock systes,
tn which only one door Is opened during the lmmlaent danger perlod.
The major disadvantages are that the Interlock system will slow down
the ingress rate when one door Is closed and that the cost will be
Jacreassd. Such an Interlock system could have one exterlor surface
door snd an Interior corridor door, or havo two lInterlor corridor
doors with the corricdor element between. There is no analytical means
of decldlng whether or not to Incorporate an Interlock system, It smust
be resolved solely by welghing the advantages and disadvantages for a
particulor case.
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o E One of the other problems related to the entrance system Is
x ) i the mesns, manual or mechanical, by which the door 1s closed. Under
N sose circumstances, such as with a heavy door, there caa be no question
3 ‘ : but that & mechanism must be used to closs the door. It may be & simple

PUS

Jack or a lever or 8 block and tackle, but 1t 1s stiil a means of

- obtaiaing mechanical advantage. In general any such mechanism wifl

- tend to sTow the closing and opening operstion. It has the additfons?
" ) disadvantages that the mechonism must be maintained fn operable
condition and that the person operating the doar msy or asy not be

_ . able to retala direct control. ’

2N l‘--j { Manual operation has the advantage of simpdicity of detalls
. ' and better opevator coatrol,
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CHAPTER 3. DIMENSIONS AND GEOWX-"OF E!i'i_‘mct' SYSTENS
3.01 INYRODUCTION -

in this chapter, the dimensions of entrance elements and ths
combinetion of these elemants Into possible geometries or systems are
discussed primarily from the point of view of traffic safety and of thelr
relationship to traffic flow. Tha effect of these dimensions and geometries
on blast loadlng and radiation levels 1s discussed in Chapters S and &,

3,02 DIMENSIONS OF ENTRANCE SYSTEM ELEMENTS -

As steted previously, the criteria used In tha selection of
recommended dimenslions are maximum traffic safety and flow under conditions
of emotlonal stress conduclve to accidents or panic. Since shelter expari-
ence is not avallable, at least in terms thst are Immediately applicable,
the dtmenélons are derived from the coubarabh conditions which dictate
the design of exits from places of assembly, taking into conslderation the
differences In traffic direction discussed In Chapter 2,

The dimensions and restrictions recommended below have been
standardized over the past fifty years and thus cosply with all bullding
codes, However, In order to reconcile the small varlances existing betwosa

" local ordinances the model code published by the Mationa! Fire Protection

Assoclation (Ref. 3.01) has been used as a guide,

in this model code, the baslic concept governing the width of
exit elements, l.e., doorways, corridors, stalrs and remps, Is termed the
unit of exit. It Is fixed at 22 In. and deflned as the space nacessary for
the fres passags of one flle of persons. Exit elements are then descrided
In terms of number of units, e.9., ona~unit doorway, two=unit hellwsy, etc.
Additional fractions of unit are considered useless except that an Incremet
of 12 In, Is rated as a half-unit becsuse It Incresses flow capecity by
permitting an intermediate staggered flle; ¢.g., a 34 In, wide opening becones
& one-and-a<half unit docrway, Since the unit of width concept s based
on the minimum dimensions sliowing free traffic flow, It 1s appiicable te
elther exit or entry. It 1s recommended, therefore, that It ba used n
the design of shalter entrances and has baen so used In this study.
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The following recomscaded diwensions and detalls hive been
tncorporsted in the swlo"deélga inctuded In Chapter 9.

1) Doorways. The alal=um width Is the unit of width, l.e.,

22 in., measured in the clear except Qﬁae tota! projectlion for Janb does
not exceed £ Im, and, for ralls at waist hefght, 3 12 Tn., thus reducing
minfvun unobstructad width to 20 and 18 1/2 in. respectively, the maxliamum
allowable width of single lesf door is 44 in. The miniwum headroom is

6 ft. § in. in all exit codes the swing of tha Joor Is specified to be Iw
the direction of the traffic which, for exit systems, Is outwcrd, In order
to prevent obstruction and casuaitics. For shelter systeas, the flow of
emergency traffic, conduclve to panic or casuaities, if unduc restriction
occurs, s inward. Everything being equal therefore and on the basls of
past emergency experience, the door should be designed to swing inuard,
since exit from the shelter s not likely to demand maxteum traffic flow,
However, tha swing of the door entalls structural problems s connectlom -
with the blast loading, the response of the door and the Jamd or frame
detalls. Provisions for shelter management will alse sffect the uitimate
dirvection and system of cloture. These factors are discussed In other
chapters,

2) Gorridors, The unit-of~width concept Is applicable for
corridors, except that the minimm allowable width Is 30 wn. Total
restriction of 2 In, for Jembs and 3 1/2 in. for valls at walst helght
are allowed, thus reducing minimum clear width to 28 Im, and 26 V% la.

In the clear. One walst=hligh handrall must be provided per unit of widih,
it Is recosmended that the minimum unobstructed headroom be 7 ft.-0 I,
for corridors of two-units or less and for 8 ft.=0 In. corridors wider
than two-units,

3) Ramps. Allowable width, headroom and handrai) sgpecified for
hallways are applicable to ramps. The meximum allowable slope is 10 percent
(1% 1n 10%), .
4) Sgales, The unit-of-width concept Is applicadla for stalrs
except that the minlsum allowsble width for a single stale run betwaen two
solld walls is 30 In., and the mlnleum width for a double stalr run

i e T
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separated by a railing and housed in a single stal rmﬂ between solld
walls Is 48 in. Total rall projection Is not to exceed 3 1/2 In. The
dapth of'landtngs must not be less than the allowable width of the stalr
run. Helght betwsen landings must nat excaed 8 fe. -6 im.

Local codes regarding allowable dimenslions of risers and ruas
(tresds less nosings) are by no means uniform but the variances are sot
significant, A maximum riser height of 7 3/4 in. and a ainimum run of
9 1/2 In. plus 1 1/2 tn, nosing Ts recoumended. it must be emphasizad,
however, that good design practice tends toward s slope less.stesp
than the maximum allowable, that the stalrs are the sost critical element
of the entrance system from a traffic point of view, and that the extra
cost to obtain maximum traffic safety Is trivial,

S) Susmary. The dimsnsions of the entrance systea eiements are
susmarized In Table 3,01

3.03 ENTRANCE TRAFFIC RATES

1) General. The trafflc capacity of tha 22 In. unit width
recommended In the codes o the Natlonal Flre Protection Assoclation are
glven as 60 parsons per minute per unit for a level doorway or hallway and
a3 45 persons per minute per unit for a descending stalrway, These rates
are stated to correspond to an evacuation time of 1 mlinute 40 seconds,
exclusive of the time necessary for the flrat parson to ceach the doorway
and for the last person to reach safety. Accordingly, for an exit system
composed of horizontal elements and a stalrway, the latter rate controls
the rate of the total syrtem. A balanced system therefore requires at
least & | unit doorwey with a 1 1/2 unit dtalrwey or, better still, a 1 1/2
unit dooiway with a 2 unlt stalrway. The same proportions apply to ramps
whose slops are 10 percent or stesper,

All the available data relevant to personnel trafflc on which
thase codes are presumably based were reviewed and analyzed In a study of
allitary shelters by Arsour Research Foundation (Ref, 3.02). The amount
of dats 1s not large and consists of measurements of meny different condi-
tions including firve drills In schools, sldewslk and cross straet traffic,

..... ——— - .o d————iie w13 e we e
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" resh hour flow at rallrosd and svbwey stations, stadium crowds, ad hoc
. studies of stalrs, ramps and hallwmys, etc. The test procadures slse

vary widely and a1l the factors affecting the results are not adequatsly
reported so that the derived traffic rates by no means express the full
potential capaclity of each type of passageway under conditfons of trafffc
stioulated by the spproach of dsager. MNevertheless, once reduced to
comparable criteris the data are falrly consistent, without uadue scatter,
snd very likely quite repruseatative of ths random character of undisciplined
clvilian trafflic and of the unpredictable conditlons which .oy exist at

alert thme. -

Puraly qualitetive and dolly observations, wherever congsentrated
trafflc occurs, show that traffic rates are directly dependent oa both -
velocity of motioa and demsity of traffic. Maximum flow occurs at
relativaly low density where each person Is separated in tho direction
of motloa by at least the length of a full step and at relatively low
wvelocity. Whenevar the objective of the traffic tests Included velocity
and dansity messursmants, the results quantitatively conflim the random
ocbservatlions,

2) Sgairs. Consldering first the problem of descending stalrwey
traffle, which {n mast cases wil} control the overall rate of shelter
eatry, past tests show average flow rates ranging from 20 to 53 perscns/ualt
wldth/mlnute snd a wean rate of 32, Pesk rates have been messured st 62
and corresponding velocities range from 1,32 to 2.2 wph. More accurate
and maaningful tests hava baen conducted In Parls and London. Usling flve-
wen as subjects, tha Parls Fire Brigade measured traffic rates oa dascending
stalrs of 51 persons/21 In. unlt width/minute for normal walklng pace and
of 73 for hurried pace without pushing, These rates, obtalned with tralned
and disclplined men, correspond to optimum density of about 8 sq. ft./
person and veloclty of about 3 wph. The London Transport Authority has
conducted & number of tests and publishad suggested traffic retes for design
purposes of 38 parsons per unit per minuts with corresponding dansity of
6.5 3q.ft./person. Armour Resesrch Foundation (Ref. 3.02) on the basls of
the Parls and London date computes a possibie peak rate of B0 persons per
walt per minute for a velocity of 3,90 mph snd & density of 8 sq.ft./person.
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m traffic rates averaged from the data on stalr descent are lowsr thas
those recoamended by the National Fire Protection Assoclation (Ref. 3.01).

Howaver, the pesk rates based on higher velocity and more purposeful
traffic direction are such highss. _

Considering the quality of the data and the design roqul rements,
aa average rate of 40 persons and & peak rate of 60 persoas/unit width/per
mlnute, corresponding to an optTmum density of 6 to 8 square ft. per

person, has been used Ia the i1lustrative.example of Chapter 9,

3) Corridors. With reference to traffic rates through level
corridors snd doors, the most comparable and sigalflicant measured rates
sre tabulated as follows (Ref, 3.02)s

Observation ~ Persons/22 n. unigt width/minute
Rochaster, N.Y. fire drllls

Average rate : 40

Pask rate n
Ral lroad station rush hour ‘

Ona minute flow _ 38
Sritish flre drills

Average rate 47

Pavis flve dellls

Norma! walking pace 35
Hareled pace without pushing 48
Hurrled pece with pushing 64

london Transport Authority (Boys Yest)

Aversge rate - 40-50

Peak rate 70-80
London Transport Authority (passengers)

Average rate s6

Pesk rate R |

The Arwour Research Foundation (Ref. 3,02) analysls of the above
data shows that peak rates occur at deasities of 8 to 10 sq. ft. par parson
and that averago rates cén be expected with densities uwp to 4 sq. ft. per
person, At higher densities, say 3 to 2.5 sq. ft. per parson, the choke
polat Is reached and traffic stops, Pesk rates correspond to 4-5 aph
volocities snd average rates to 1.5 = 2 aph,
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As In the case of stalr traffic rates, the level rates derived
from actual measurements differ somewhat from the design rates spéclfled
in the Natfonal Fire Protection Assoclation codes (Ref. 3.01). The test
data suggest recommended average rates of S0 persons and peak rates of
70 persons/unit/mlnute. These rutes Bracket the code exit rates and are
consistent with abserved differences between level and descending stalr
traffic. _

4) Ramps, The effect of sloping ramps on trafflc is not pro-
nounced, nor are the measurements rellable. Expressing the descending
raap rates as a percent of level traffic, Armour Research Foundatioa
(Ref. 3.02) estimates these rates s follows:

Level hallway 100%
5% raap ' 99
10X ramp 97
12% ramp 23

These adjusteent factors for vamps appear quite small and thelr
impiied accuracy too fine to have any design signiflicance. Ramp traffic
rotes should thearefora be conslidered a3 equal to ltevel rates,

S) NCEL Test. A unique test of shelter entrance traffic vall-

dates the trefflic rates discussed and recommended In the preceding

paragraphs, The test was conducted at the Meval Clivii Englneering Laboratory,

Port Hueneme, Callfornla and used the standard Navy buried arch shelter,

The entrance of the Navy shelter Is a 45° above-ground stee!
hatch opening on & 24 ln, wide stairway with a 45° slope (9 ln. risers sad
9 fn. treads), The stalrway opens stralght Into the shelter In the

direction of the long axis, Navy personnel were ovdered to enter the shelter

at ordinary allitary pace, without hurrying and observing ‘orderly*
behavior., The men came from statloas 100 ft. co 200 fr. distant and
converged on the entrance without producling any waiting gueue or bunch ot
the hatch door. The rate of entry was 40 wen per minute. Photographic
razords show an average spacing between men of somewhst sore than 3 f¢,
corresponding to a denslity of about 8 sq. ft. per man, and to a veloclty
of about 1.75 moh. According to observers, a wmore hurrled pace would have
been possible and would have resulted In a higher peak rate.
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3.04 GEOMETRY OF ENTRANCE SYSTENMS
h " A number of system geowetries are possible which variously

combine the depth (stairway or ramp), landing, corridor, or door
elements, that will provide a satisfactory solution to the set of .
restraints or requirements of a particular skelter. Such confTgurations
will usually begin with a depth element leading from ths ground surfece
to the level of or above the shalter, thance to a corridor to the shalter,
These say take the basic form of a stralght line, an angle, & "I, or
a " (Fig. 3.01) or » combination of sny of these basic types (Figs.
3.02, 3.03, 3.04, and 3.05).

1) General Consideraticns. In datermining the geometry of
an entrance system, the féuming sust be considered:

(a) 1In order to minimize the radiation contribution
through en open stalrwell, ths stairmell should be a3 narrow as possidle
and a3 steep 43 possible conglstent with bullding codes.

(b) In order to minlulze the rediation contribution through
the roof of tha entrance system, It Is necessary to dascend to the leval
of the shalter proper as quickly as possible, A larger cverhasd mass
thicknuss may bo attained in a shorter tise with a stespar stalrway.

{¢) 11a order to increasa the radiation protection and to
prevent the blast wave fram ve-forming as an ldeal shock front, several
alternating short lengths of corrldor and 90° bends ave desiradle.

(d) Additionsl corridor leangth attsnuates both prompt
géama and nautron radistion and residual gaems vadlation, However, &
length of straight corridor on the order of 5 to 10 corridor diameters
will permit the blast wawve to reconstitute itself,

(¢) Turns and corridor leagths, while bensficial from the
blast and radliation standpoint, require additionsl real estste, excavation,
saterials, etc.

(¢) If entrance elemsnts are oriented N0° or greater apart

from one another, the possibillity of » burst being directiy in line with
more than one cpening §s eliminated. .

(9) Bullding codes requiraments as to widths, risers
and tredds, helghts of corridors, helghts betweea landings, aumbers of
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exits, etc., must be considered.

2) Straight Line Entrance. A straight line entraace (Flg.
3.01) has the advantages of simple forming and construction and of being
particularly suited for a long, narrow site, e.qg., undar a highway.
However, In addition to the disadvantages of requiring an excessive
amount of real estate and loag excavation, It affords relatively minor
blast and radiation protection. Further, it may have # psychologicsl
drawback $n that people entering. the shelter are staring down & long
tunnel . " _ V h

3) 'Y Entrence. At the other end of the spectrum from
the straight line entrance Is the "U™ entrance (Fig. 3.01). Kot only
doas such an entrance conflguration reguire much lass space, thus
permitting Its use in restricted aress and requiring much less excavatica,
it provides the optimum In blast and radlatlion protection. The short
lengths of corrldors aud 30° bends provide excellent attenuation for
the radiation and prevent the blast wave from reconstituting. ULlkewlse,
from a psychologlcal standpoint, the lengths of the landividual corrldors
are ralatively short and do not give the sppearance of unending tunnels.

4) Angled and “I™ Entrance, Intermediate batween the straight
line entrance and the ‘U™ entrance are the angled entrance and the
2 entrance. Vhets entrances reaquire at least the same or possibly
wore real estate then the straight sntrance. Although they provide more
radistion and blest protection than the straight 1lne satrance, thay
in general will provide lass rediation and blast protection thsa the
W entrance. '

S} Combination of Besic Entrance Tyvpes, The capacity of an
lndividual shelter might require tha comblnation of the basic entrance
types for one entrsacesdy. For instance, for an antrance of seversl
unlt widths, it may be desirable to use several saaller dopth slements
feeding Into & common corridor alement, Likewiss It might be dssirable
to have & 3ingle depth eloment of several unit widths serving seversl
sholters by means of lndividual corridors sfter the depth element,
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(s) tuitiple Depth ETements. A&a exasple of multiple depth
elements entering a common corridor leading to a single shelter Is
{llustrated in Figs, 3.02 and 3.03. Gy separating the depth elements,
congestion at the surface may be reduced. By orienting the depth elements
180°, the radiation contribution through the entranceway Fs reduced.

(b) Multiple Shelters. Examples of single entrancesays
serving muitiple shelters are Illustrated in Flqs. 3.04 and 3,05. Such
entrance configurations might be dictated by restricted real estate,
particularly in the case of shelters la the basement of bulldings
surrounding a court yaed,
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TABLE 3.0
. DINENSIONS OF ELEMENTS
BINENSIONS
ELENENMT ¥iDTH HEIGHT
Doorway ,
Hinlmum {one unit) 224 > 8464
Haxinuwk({two units) _ 440 .
Corridorstk
Binism ‘ 30 > 79-0% {loss than
. 44" width)
> 84-0% (more than
&44% width)
Stal ratik
Single 3% - < 89-6% betwaen iandings
Bouble - 480

*Single leaf
**Also ramps with less than 10% slope
*dRisers £ 7-3/4%; run > 8-1/2

Balenced Systems:

1. At least l-unit doorway (22') with 1-1/2 unit stalrway (34").
2. Better is 1-1/2 unit doorway (34') with 2-unit stairway {44%),
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Stroight Lins Entrance

: " Angled Entrance
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"U" Entrance

: FIG. 3.01 BAS!C ENTRANCE TYPES
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CHAPTER 4. VENTILATION SYSTEMS .

. o

4.01 INTRODUCTION

! The prime objective of this chapter is to discuss and stata the
specific assumptions made in velation to the ventilating system. Although
all clemants of the ventlilating system are Included, they are discussed
only ss they influence the alr Intake or exhaust structures, including blast
valves,

B AR

4,02 ELEHENTS OF VEWTILATION SYSTEN
Any shelter which Is to house a large number of people in a
minleun space must heve a forced alr ventilation system. As & minimum such 1

a tystem would consist of alr Intake and exhaust passages amd a means of
forclng the air to cinculate. As both the pressure and size of weapon for
which a shelter Is to provide protection Increase, the ventilating system
becowes more complex. For the pressure levels and weapon ylields considered
In this report tho winimum additionsl equipment required would be & blast
valve or mechanlse for restricting the §low through each veatilatlon
passage during the perlod that the shelter Is subjected to high pressure,
If 1t Is economlicelly feasibls to provide a higher level of protection,
both particulate and gas flliters should be added to the system. Although
no conslderation will be glven In thls report to the possible requlrement
for flltering chemical and blologlcal warfare agents from the Incomlng alr,
It 13 belieaved that provision should be made In the design of the ventila-
tion systew for future Installatlon of such a fllter unlt,

Far community shelters, In which large numbers of people are to
be sccommondated It 1s lmpractical to conslder msnually operated air hendling
unlts such as those recommended for famlly fallout sheiters. The limited !

capacity of this type unlt would require that e large number of them be 1
Installed, thus Increasing the problem of protection against blest and the
malntenance requlcement. In additlon, the operation of such wnlts would

Incresse the bulldup of C0,, the rate of oxygen deplation, aad the bulldup
of heat and bumidity within the structure, thus Incressing the ventilation
requirement. The labor expended {n the wmanusl operstiom of these units
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would require that @ore water and food be furnished than that required
for sirvlnl under the assumed conditions or planned for communlty
shelter stocks. _

Alr handling units which are driven by 2lectric motors would
be such more satisfactory than manvally operated units. K source of
electrical power Is required for lighting the shelter and this source
should be of sufficlent cspscity to provide power for the motors. The
electrical powsr could be provided by the romal electricat distributlion
systen during pertods of preparedness before an atteck., Mowever, it sust
be assumed that the normal source of power would be disabled by any attack
and sm emergancy source of power must be provided. The most practicel way
to provide emergency power would be with gssollne or diesel motor-generator
sets. All combustion engines require large quantities of alr for both
coolirg and the combustlcn process. The location of such an emergency
power systom within the shelter would Increase the total voiume of alr
which the shelter ventilating system must handle by an order of magnitude.
The location of the emergency power unit therefors greatly effacts the slze
of the vent!lsting system required for the sheiter,

vhen powar operated alr handling units and filter systems are
utilized for a shelter the limitation on the pressure bulldup within the
ventilating sysiem becomss much more stringent., Both of these types of
oquipment cannot be subjected to largs shocks or sustalned high pressures
which would disable them, To prevent such hlgh pressures from belng spplied
to thils equipment It may be necestary to add s plenum or expansion chewber
betueen the alr duct and this equipmeant. Such & chamber would provide a
volume into which high pressure alr entering the system before the blast
valves have closed completaly can expand to a lower pressure which would not
dsxage the filters or air handling unit, The size of the plenus chamber
required Is dependent on the pressuras that the cowbination of filters and
slr bandling unlts chosen can withstand, and the peak overpressure sad durse
tlon of the shock which '"leake by' the blast valve before closure, Vary

simple baffle systems between the blast valve and the fliters can be ut!lized

to create # turbuleat .flou which will prevent large penk pressures from
inplnging on the fliters. Ths bulldup of the average pressure within the
chasber 13 dependeat on the quantity of air which comes through the Intake
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duct while the valve Is closing and the volume of the chumber. Estimsting
the pressure upstreas of tﬁe valve and the closure cheracteristics of tha
valva, the maximum pressura buildup within the plenua chawber can be
computed to sufficlent accuracy assuming . reversible adlabatic process.
Theso same wethods can also be used to estimate the bul Idup In the pressure
within 2 shelter due to leskage of alr through the various other openlags
into a shelter such as the cracks around the edges of dblast doors.

4,03 INTAKE AND EXRAUST STRUCTURES

For the burposcs of this discussion each alr Intake or exhaust
structure is assumed to éonslst of the duct and the structures supporting
both ends. Tha size of duct required to provide for the minimum acceptable
alr flow for the personnel occupying a shelter 1s reatonsbly small, To
provide three cublc feet per m!ni e per person a duct only 6 Inches fa
dlasmeter would be required per 100 occupants. (f 16 cublc feet per minute
per person ware required the duct slze would only Incresse to 14 inches,
The cholce of the mintoum acceptable alr flow for any glven shalter Is
dependent upon the choica of the maximum acceptable effective tempersture
and the climatic varfations {a the geographical locstion,

The complexity of each Intake or exhaust Is dependent upon whather
It s dullt as an Independent unit or ircorporated as part of the eatrance
systom. For those Intake or exhaust psssages which lead directly from tha
shelter to one of the eatrance passages the only requirements are that the
proper slze passage be provided through the wel' of the shalter and flanges
be provided st each end for the Installation of protective baffles or blast
valves. If the duct leads from the Interior of the shelter to the ground
surface sufflclent bands must be provided lu the duct to glve protectioa
agalnst diract penctration by the Inltial redlatton and the exterlor end
of the duct must be protected agalnst tho normal elements of the weasther,
a3 well a3 the high overpressure and debris that would exist at the ground
surfsce from an exploslon. The stze of the protectlive structure at the
end of the ducts Is not large and It need not be very cowplex. Such a
structure should rise above the ground surface only @ sufficlent distunce
to preclude tha entrance of dedrlis and rala or snow, Several previous
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sheiter designs have incorporated the blast valve into this supporting struc-
ture. The location of the blast valve st this point complicates any provisioa
for operatfon of the valve from within the sheltsr and raises the possibility
of unnecessarily exposing malntenance personnel to high redistion !f mainte-
nance Is required after an sttack. Therefore, it Is recommended that the
valve be located on the Interior end of the duct so that It will be protected
from the normal weathering and be more accessible for malntenance and manual
operation. The location of the blast valve at the Interlor end of course
precludes any complication In the supporting structure required at the
exterior end., Such a structure could conilst of a heavy pipe extending above
the ground surface with a weather protective head or a plpe extendlng into

a cavity In the centar of a more massive relnforced concrote and steel
structure which would provide protection from the nomnal elements of the
weather and also glve better protection from the high ground surface over
pressures, dynsalc pressures, and flying missiies. The norwally avaliable
rigld pipe or flexible pipa will be adequate for the ducts for the averpras-
sure levels belng consldeared.

The location of Individusl Intakes gnd exhausts will be dependent
upon the overall configuration of the shalter entrance system, {n any eveut,
advantage should be taken of the entrancewsy conflguration as @ means of
providing both radlation and physical protection for some of the ducts. {f
sufficlent entriances are avallshle all inlet and exhasust passsges should
terminote §n an entranceway, \here sufficlent entrances are not avallatle
the Intekes should be placed In the entrances in preference to the exhausts,

‘ This recoomendatlion Is based on the conslderation that subsequent to an
attack there 13 less Vlkelihood t it an entrance would be completely blocked
by debris than would a separate ground surface protective structure. The
velocity of the alr through the entrancewsy also would be much lower thas
in the duct and there would be less Vikelihood of drawlng radiocactive
particles into the shelter.

4,04 ENEAGENCY POWER PLANT LOCATION

The opsration of any emergency power plant which uses gasoline
or dlese! ol as fuel requires a large supply of afr, This air Is neaded
both for the combustion process snd the removal of the heat ejected dy the
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mtor. The volume of alr required Is large compared to that mesded for
the shaltered parsonne} by an order of mesnitude. In a shelter for 100
people the power source would require st least 3,000 or 4,000 cubic fest
of alr psr minute, If the generator set is located within the shelter
proper this alr supply would have to be provided through 3 duct system
almost as complex as that required for the alr sqppllcd for personnel,
Although locating the power source inside the shelter proper would make It
accessibla for maintenance and thus someshat wore rellable, the Increased
costs and size of the additional ventllation faclilitles requirad may be
prohibitive as compared to other solutioas to the problem,

if the motor ganerator set Is located exterlor to the sheiter -
proper, the total pcmer- requl rement may B2 decressed conslideradbly end only
the alr required for the confort of persoasal needs to be handled by the
shelter alr handling units. When lacatleg the gsnarator set exterior to
the shelter proper it could be housed Im sa Independent protective struc-
ture or It could be providad with nomiasl protection from the direct forces
of the sxplosion., |f the power source were Installed In Its own protective
shelter two possible methods of protectios could be used. targs Inlet and
exhaust passages could ba provided which mwid eoch have a blast valve
to timit the pressure buildup in the proteccive shelter or rather saall
inlet and exhaust passages could be used without the blast valve aad the
pressure allowed to build up around the gumerator, The latter type of
lnstallation would protect the gemerator from the application of rapidly
¢lalng pressures and shock waver. Each of these systens would require that
power operated air haudling units be stitized to Insure sufficient flow
of alr through the structure 3o that the power unit would not over heat.
With the alr handitng units being requlired for this location of the power
source the total power requirement would mot be reduced,

1f the powsr source were located in a relatively unprotected
locatfon such as In the end of an eatrawce passage orf in an opua pit
sdjacent to the entrance or sheiter, morvwl sir clirculation coutd be reiied
upon to provide the necessary cooling aond the ofr for combustion. This
sould reduce the power raquivement per shelter considersbly end would not
decresse tho probadllity of survival of the emergsncy power systes veary
such 1€ suitable wotor-gencrator sets were wtilized. As pert of past
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ruciesr test progrems sgvers! gcaer?toé’?j_ weire subjected to the offects of -

high pressure. RAlthough these genarators did not alwaeys conmtinue to operate

during and after the actusl explosion, the damage which occurred was usually
alvor In neturs. By making wminor changés in the constyuction of standard
motar-gerarator sets it is possible to build sets which can withstsnd the
prassures being considered in this report,

tocating the generator im a space provided at the end of one of
the entrenceways would be more advantagecus than locating it In a relatively
open pit, For such a locaticn the éressuns and drag forces would b3 some-
what less than would occur Ia an opsn pit and the generator would be much
more accessible for maintenance. However, location of the generstor in on
entrancewey does preclude the use of this particular entranceway as 2
possible location for any of the inteke ducts for the shelter. The exhaust
ducts could vent Into the same space which houses the generator provided
that a positive pressure was always mointained within the shelter, If
sufficient additlonal entranceways were not available to allow for the
Installation of all Intakes in the other entranceways, separate structures
could be used for the Intakes,

4,05 BLAST VALVES

The major operational requirement of any blast valve Is thaet it
closes before sufficlent alr volume is forced through the duct by the high
pressures from an explosion to cause damage to either the mechan!ical equip-
ment or the personnel in the sheiter. sdch valves can be remotely operated
by blast, 1ight, or radiatlon sensors and auxiliary power sources or by the
blast Itself. Several valves of each of these types have been tested In tha
nuclear test program. Although many of them proved satisfactory for the
speclfic purpose for which they were designed, no single valve has been .
complately satisfactory from the standpoints of low cost of manufacture,
low malngenance costs, and rellabllity., Cons!derable additional effurt is
required to develop more suitable and economical valves, Shelters can be
planned and bullt which utilize the presently svallable valves and better,
more economical valves Installed at a later date, wher they becoms avallasble,

In general the closing tinmes required by the remotely operated
vaelves are entirely tod long for use In the shelters being considersd hare,
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Several of the blast sctuated valves operate ot a sufficiently rapid rate
to praciude the buildup of high pressures In the shalter. To kesp the
inltiﬁ high pressure shocks which aight enter ths sheliter from damaging
cowples fliter systems, planum or expansion chambers would be required.

1f only sisple particle filtyation systems are to be used, such plenum
chesbers may be oliminated by providing a rellef section: In the duct shead
of the fllters and alr handling equipment so that any shecks would be
vented diroctly nto the shelter. This section could then be repfaced
and, If the filter had been damaged, a new one Installed, .

Hew blast valves should be designed specifically to fulfiil the ‘
requf rements of shalters discussed in this report. Ia addition, possibili=
tles other than blast valves should be explored. Certain systems such as
filters vhich are not dumaged by high pressures and vary in their capacity

to conduct aly in proportion to the pressure ecross them should be explored. -

Several situdies of this nature are curvently underway and preliminary
results scem promising. 1t appears that materiais can be used in such
filtars so that as the blast engulfs the structure tha flow:through the
filter during the period of the high overpressure will be low enough to
linlt the pressure within the shelter to acceptable values, ,

" References 4,01 and 4,02 summarize informution on the physical .
characteristics, operati onal performance, test results, etc., of many of the
presently avoilable blast valves, This fuformation Is not reproduced hereln,

4,06 CONCLUSIONS )

The foliowing conclusions are offereds

1} The air Intake or exhaust elements of the ventilsting system
should bs Incorporated {n the entrancewsy stvucture where possibla,

2) Emergency power plants should be located In an entranceway;
hcmvér. entrancoways which house emergency power plants should not be
utlifzed to house intake elements, but can be usad to house shelter exhause
elewanis, -

3) Blast valves should be automatic In thelr actustioa,
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CHAPTER 5, EFFECTS INPUT DATA

5.01 INTRODUCTION

This chepter contsins the weapons &ffects input dota for which .
the sntrancewsy and ventilstion systees wust be designed. Included are
the blast effocts, prompt suclear radiaticn, residual nucloar radistion,
and thermal vadiation. The discussion of all of these effects is related
to a speciflic overpressure {50 psi) from a specific yield weapon {1 KT).
There may be other overpressures and weapon yields of interest, The date
preseiisd Lalow on prompt nuclesr radiation should be used with cougion
for conditions which differ greatly from those assumed. MHowever, the
characteristics of the blast wave and intensity of associated thermal and
fonizing radistion may bs cbtained from Ref, 5.01 for any specified
overpressure and weapon yield,

5.02 BLAST EFFECTS

.1} Frea Fiald Date, Having decided upon the dverpressurc level
and the wespon yield of interest (e.g., 50 ps! and ) NT ers used for
illustrative purposaes In this report) the free-field overpressure vs, time
relationship can be established, Fig. 5.01 was prepared from data contalned
in Ref, 5.01,

2) Attenuation In Tunnels. Since 1958, considerable research
sffort has been axpended on the problea of the entry of shock ..3vas inte
tunnels and the subsequent behavior of these waves In varlous tunnel
configurations (Ref. 5.02). Unfortunately, very little of this effort can
be applied to the problem at hand because ths passagas undar consideration
are too short to paralt the shock wave to reform insids. As Indicated in
Flg. 3.1, Ref. 5,02, the shock weve does not reform until it has reachud
& distance down tha entrancewsy equal to approximately 5 to 10 tunnel
diametors, However, soms of the basic relationships estrilishad cen be
used to obtain a qualitative picture of what might be anticipated in the
entrancewdy and particularly what loads may be anticipated on blast closure
devices, such as doors &nd blast valves. '
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From Fig. 3.6 of Ref. $.02, the maximum.pressure whick =sy bo
anticipated in the entranceway is » function of the peak overpressure
outside and the angle of incidance batwaen the shock front and the
cpening. At the SO psi overpressure lavel the free field shock froat
moy be assumad to be perpendisular to the idealized plane in which the
shelter is located. :

(s) TYortuous Entrence Tunnels. For purposes of discussiem
assuae an entrance configuration ss shown in Fig. 5.02. The worst case
orientation occurs when the skock weve meets the entrance as indicitsd
in Fig. 5.03, As the shock wave turns down into the entranceway the
peak overpressure in tha front is decreassd. Upon reflection ﬁ"w the
wall at the base of the first flight of steirs, the peak reflected pressurs
will ba somewhat less than that which can be predicted for normsl Iacidance
of the free-field shock #ront.

As shown in Fig. $.04, prior to reflection from the wall at
the base of the stairs, the shock front will turn the corner into the
sécond leg of the entrance structure and & vortex will be formed at that
corner. The pressure In the front indicated as I'x wil) be less t!nu thy
pook pressure in the stalrwell before the front turned the cornar. Yhe
latter pressure, as atated, would be less then the side-on pressure st
the surfece.

Subsequently, the shock wave will reflect from ¢he wall at tha
base of tha stales. The pressure ?3 will be legs then the reflected
prossure of the free-fleid front at normal Incldance. Further, the
pressure P2 will be less than the pressure Pse As the reflected froat
progresses further down ths second leg it will sncounler tha vortex
forued st the cornsr and subsequently the voflection of the froat which
preceded it, The shock ploture then beconas more confused &3 It turws
down the third leg, so confused, In fect, that a quantitetive snslysis
Is not possibie,

For such configurations it Is necessary to rely on aveilshle
data for @ declision as to design criteria for blast doory snd valves
further down the entranca corridor,
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1f ths shock front ware coming from the direction opposite to
that shown in Fig. 5.03 thers would be no reflaction from the wall st
the base of the stairs snd there is some evidence-to indicate that the
maxinue pressure in the entranceway would be spproximately equal to the .
peak side-on overpressure outside (Ref. 5.03).

For other angles of entry the loading oa the variocus porticas
of the entrance structure will vary between these twe extromes, excopt
that the worst case for the walls adjacent to the first flight of stairs

‘will occur when the shock front crosses the stairs at right angles. Thus,

each portion of the structure sust be designad for its own worst case
condition, or the probability of obtalning the worst cese must be accepted
as & calculated risk. In the discussion which follows, the loadings
derlved for the varlous elements of the entrance structure wii] be basad
on whet is balieved to be the worst cass orientation.

The pressure on any element of ths entrance structure Is affected
8130 by the fact that the side-on overpressure st the surface Is decaylng
with time, After the initial entry and subsequent roflections the
pressure inside the entrance structure will reach equilibrium, for all
practical purposss, with the pressuro existing at the entrance. If the
shock wave is of relatively long duration It is reasonable and conservative
to assume that the prussure does ndt decay with time and the equilibrium
overpressure is the peak side-on overpressure,

The clearing time for a tunnel, or time at which equilibriua Is
reached, may bs approximated by computing the time required for the shock
to traverse the entire length of the tunnel and return. This will be
consldared in sore dotall later,

(b) Short Straight Entrance Tunnels, The entry and
subsequant reflection of shock waves [a short stralgh: tunnel sections
has been Investigated and 13 discussed in Ref. 5,02, Such configurations
should be avoldad becasuse the reflected predture on the blast closure
dovices (doors and valves) can be greater than the reflected pressure
of the shock front In the free-field at normal Incidence, Furthar, bands
in the entrance tunnel In general are desirgble for radistion attenuation,

.
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{(¢) Long Entrance Tuansl Confiqurations, If for some
reason the lengths of the individual legs of the entrance tunnel excead
i0 times the average cross-sectlional dimensions, & more detalled study
of the behavior of the shock wave ia the tuanel is possible. For these
ceses the reader is referred to Ref. 5,02,

3) Air-Induced Ground Effects and Loads on Structures. For
& 1 AT waspon at the 50 psi overpressure level and for the shellow
depths of interest, It may be assuced that the vertical component of the
overpressure does not attenuate with depth In the soll,

Gensrelly the horizontal stress, Py In the so0ll s taksn as

some constant, K, times the vertical stress, Py OF P = va. The magnitude

of K depends on the properties of the soil, tne degres of saturation,
the stress level, and the conditions of lateral straln Imposed on the
soll eiement, .

A detailed discussion of the Influence of these factors on the
valus of K is glvea in Ref. 5.04. For the case of zero lateral strain,
K s decoted. as K, end recommended values for & nusder of soll types are
glven Ia Table 5,01,

The loads produced on the structura by tha sbova ajr-induced
ground effects are complicated by the Interaction betwaen the soll and
the atructure, Among other variables It Is kaown that the stiffness
of the structure, the manner in which It Is supported, and the direction
of mation of the structure (1,e., whether passive or active carth
prassures are Involved) all have significant bearing on the stress at
the soll-structure Interface,

Nethods for estimating the blast-linduced loads of fully burled
vectangular structures ere given In Ref, 5,04, Thess mathods are
adapted to the confligurations snd depths of Intersst In the following
parsgraphs,

Horizontal elemants of the entraince structure will be sudjected
to the direct effects of the alr Llast overpressure If they are flush
with the ground surface, The same pressure will be transmitted to
durled horizontel elements | the depth of burlal s shallow and the
sttenustion of the vertical component of the overpressure and the arching

Worw
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of the soil above the element are small.. This Is the case for the depths
under consideration In this study.
The blast-induced loads on vertical elements of a buried -
rectangular structure are somewhat more uncertain then those for the
roof and base slabs, Because of the uacertainties In the relation between
the horizontal and vertical free-fleld pressures and in the effects of
arching, It Is recosmended that the walls elements be designed for the
wertical pressurc multiplied by the values of Ko given (n Table 5,01, .
This procedure is considered to be consistent with the present state of
knowledge and, though possibly conservative, Is probably not unduly so.
The sbove recommendations apply whsn the loads transmitted
through the soll are greater than the pressure lnside the structure., For ‘ -
the condition which exists when the reflected pressure Inside the structure
ls greater 't.han that transaltted through tha soll, the walls of the structure

will deflect outwards and & passive resistance will be mobilized in the .
soll, Thus, the pressure differentlal will be reduced. ‘ -
[rve

A rational gnalysis under thls loading condition raquires a
knowledge of the “subgrade modulus® of the enveloping soll, Kk, In pounds
per square Inch per Inch of deflection., This modulus Is & function of
the size of the loaded area, the pressure level, and the deflection as
wall as of the s0il type. Few data are avallable to assist In making
8 reasonable estimate of a value for deslga purposes., Table 5,02 gives -
values which are Indicative of tha order of magnitude which may be '
expected. Thay have been lnterpolated from very limlted data for the
structure size and s0ll types of !ntarest,

It is Important for the backfill to bs thoroughly compacted im
order to achlieve » maximum value of subgreds modulus, If thore are volds
behind the wall or If the backfill s dumped loosely in place values of
subgrade wodulus less than 10 psl per Inch of deflection may be expected.
Yhe backfiil should be compactaed to 30% or more of Proctor density to o
assure satisfactory and uniform results. ' ;‘.

5.03 LOADING OM EMTRANCE STRUCTURE ELEMENTS
1) GCeneral. In the two previous sections the losding on varlous _
elements of underground entrance structures has been discussed, The :.-j
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purpose of this section is to summarize that information in terms of
loads for which the varlous elements should be desligned.

Whether any glven element will be subjected to & load through
tha soil dbefore the shock wave In the sir arrives Is dependent upon the-
velocity of the shock wave In the air, the velocity of the stress wave
in the soll and ths dlistances they each must travel. To a certain
extent the time sequence of loading Is dependent upon the orientaticn
of the structure with respect .to the direction of shock propagation ia
alr,

The velocity of the shock wave In the alr may be computed from
the following expression (Reff 5.01):

alr shock velocity, fps

velocity of sound In alr, fps (1117 fps at standaré conditlons)
peak ovarpressure In alr shock, psl

atmospheric pressure, ps! (14,7 psl et standard conditions)

T T o c
€

Valuas for the selsmic velocities of various solls are 1lsted
{n YTable 5,03, Note that for most solls the veloclity of stress wave ’
propagation ls greater than the velocity of the shock wave In the alr at
50 psl (U = 2200 fps). Structures In such sotls will be subjected to
loads transmitted through the soll before the alr shock wave arrives,

The problem of determining the pressure a3 8 fuinction of time
o 8 structure below ground s quite complax and Is the subject of
consliderable atudy at this tise, What follows Is not offered as 8 solution
to the problem, but only as a basls for & decision ss to the mignitudes
and directions of the applled loads.

2) Walls Adjacent to Open Stalrwell, The worst csse orisntation
for the wally adjscent to the open stalrwell Is Indlcated In Flg. 5.08,
As the shock front spproaches the shelter entrance, the wall closest to
the polnt of detonation may be losded by stréss propagsting through the

S mim avmimie e by mmm————— v s T . . [N
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soil before the arrival of the shock wave ln the alr if the velocity of
stress propsgation (c) is grester than the shock velocity (V. This
load will gradually bulid uwp from the normal load which exists to &
valus Py = KP, Just Bbefore the shock front spills over the adge of the
wall, The lcngth of time between ths beginning of ] bulld-up of active
carth pressure and the time that the shock wive fllls the entreice |g

on the order of 10 milliseconds. Therefore, it is reasonable, since the
retaining wall is a relatively stiff structurs, to design the walls for
an active earth pressure of Py = ‘o’w actiag tnward,

If there Is @ blast door at the outside entrance, so that the
shock wave could not enter, this preisure, p, = Kop”, would be applied
to both walls of tha stalrwell,

If there Is no blast door at the cutside entrence, tha shock
wave will turn the corner as indicated In Flg. 5.05, and will reflect
from the opposite wall beginning at the top. The peak reflected over~
pressure st the top may be calculated from the following expressiaon
(Ref. 5.01)3 '

w4
p.w2p [ = ]
¢ 80 790 * P

whers Pe * peak reflected overpressure and Pyo’ r are 25 daflaad sbove,
For design purposes, a reasonable aopmxlnzlon to this compliceted
loading plcture way be obtained by assuming that the entire wall facing
the shock Is subjected to the pesk reflected cverpressure Instaatanecusly,
The clearing tims, or, the time at which the pressure on the wall facing
tha shock wave drops to the side-on oyerpreassure, sy be spproxisated by
3

tc "

where L. - clearing time, 36C.

h = height of wall, ft.
U = shock velocity at side-on overpressure, fps
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For the top of the wall at least, the reflected overpressure
will be applied instantansously before the soil mass behind the wall
is restrained by the side-on overpressure atting on the surface of the
sofl. Thus, ths motion of the top of the wall will ba resisted initiatly
oaly by the passive earth pressure of the soil (with no surchargs).

However, as the shock front progresses down the wall end slong
the surface of the soll beyond the slab, resistance to lateral motlon
of the wall builds up very rapldly. Further, cosplete ﬁj;wa uf the
wall cannot occur without developing the passive earth resistance of the
soil behind the wall,

This Is & complex problem in soll-structure Intersction under
dyaamic load and 8 datailed study of It Is beyond the scope of this report.
A spproximate approech whizh s believed to be reasonably consarvative
Is to deslign the wall for the forces indicated in Flg, 5.06 acting
statically. That is, it Is assused that the wall facing the shock wave
is subjected to & static pressure egual to the reflected overpressure
(p'); the pressures resisting the motion of the wall are

8, Kp Pyot (passive reslstance due to surcharge)

b, 2c\ﬁ(p; (passivo resistance due to cohesive strength of the soll)

c. 7.!&9; (passive resistance dus to the ualt waight of the soll)

45 [ .
whare K = Jtsing ; coefficlent of passive esrth pressure

¢ 1 -singe

o = angle of internal friction of the soll
Pyo” slde-on overpressure st surface, psi
¢ = coheslve strength of the 3oil, psi

y = unit weight of the soil, lbs/iad

2 = dopth below surface, in.

For & saturated clay ¢ = 0 and ¢ is one-half of the unconfined
conpressive strength of the soll,

3) Slgb Over Landing, The worst case orlentation for the slad
over the landing st the base of the stairs is shown In Fig. S.07. The
loading on top and bottom of the sisb over the landing may be assussd
to be equal until the shock front reflects from the wall at the bass of

N~
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the stalr, At that time the lood on the bottom Is the reflected over-
pressure and the lcad on the top Is the slde-on cverpressurs.

After soms period of time an equilibrlium condition may be assumed
to exist; In fact, there should be somo small excess overpressure acting
up at the bottom during the entire positive pressure phasa. The nret
tocding may b¢ approx‘meted by the loading Indicated In Flg, 5,07,

The rlse time of the pressure pulse masy be expressed spproximately
a8

where "r « rise ¢lme, s2cC
b = width of slad, ft.

U, = veloclity of raflected shock front, fps (1200 fps
for 50 pal)

Yhe clearing time may be expressed &3
tc -t-%g*
vhare t. - claering time, sec

U = shock velocity, fps (2200 fpa at 59 psi)

The uss of the loading function In Fig, ®.07 requlires a knowledge
of the pertods of vibration of the slab over tha landing. An approximste
and wove conservative apprusch for design curposes would be vo design
the siab over the landing for the sida-cn overpressure acting dosmmard
or, If Chere 13 no blast closure at the entvance, for a pressure equs!
to (’v - pso) acting upward. (o efther case, compression steal equal to
one-hatf of the tenslon steel should be provided for reversal of loadiag,
rebound, and to Insura ductiiity,

4) <Corridor Section Melow Ground, Becsuse there will be @

consliderable time lag between the arrivals of the stress wave through
the soil and of the alr shock wave through the tunnel, in tha general
caty vertical wells below ground will be subjected to a lsteral pressure
L acting Imward regardless of whether there s 3 blast door ot
the eatrance or not,
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If thers is no blast door and ths entrance Is tortuous as
described In Sec. 5.02, tha pressure inslide will gradually bulld wp to
a pressure gradter than Kop”. As discussed In Sec. 5.02, the cutward
lateral watlion of tha walls will tand to davelop the passive resistanca
In the soll, if sufficlent lateral wall displacement occurs. Even If
the wall is too stiff to davelop the full passive resistance of tha
soll prior to faliure of the wall slab, & rational analysis requires

- that sone consldaration ba glven to the ratiralnt developed Dy whatever

displacemen: occurs. This can be scraaplishad by amploying the
Hyudgrade modulus* for the soil a3 listed in Table 5,02,

That Is, for the case whsre there is no blast door &t the ocut-
sida entrance, tha pressure on the Inglde of the walls {scting outward)
will be 2 Peot This load is resisted by the slad, the latarel earth
prassure K p o’ and, by & pressure kx  where k Is the “subgrade nodulus™
and X, Is the ultimats dcflection of the wall at mid height., Kere
uitinate doflection 15 defined to be tha deflection corrasponding to tha
ultinate soment capacity of the ssction and for dasign pusposes msy be
assumsd to be tan tlimes the ylald daflection of the mamber,

In the dlscussion above It 13 tacicly asswsed that the reidistance
daveloped in the soll by the daformation of the wall is everywhere equal
to that cosputed uslng the ultinate deflection of the wall at wid-keight,
That 13, o consldaration Is glivan to the actual deflected shape of the
wall, While this simplification say seem crude, current kaowledge of
“subgrede modulus® doas not warrant furthei reflinesent,

Tha roof slab mwst ba abla to resist the slde-cn cvarpressure
acting on the surface, the dead load of the slad and the 30il overburden,
all acting Inward, whether or aot there Is o blast door st the outside
satrance, If the shock wave can enter ths corridor the roof alab will
2180 be subjected to & pressure equel to 2 Pen acting outward,

Siallarly, the floor slad will be sudbjccted to the side~on
prassure plus the entire deid load of the section scting lnward. Uniess
batter information regarding the distribution of prassure in the s0il
lo guestion s available 1t s suggested that » uniform distetbution of
pressure be sssumsd, Then, too, ¢ the shock weve can enter the corridor

. —— ——————— & S " (RN [, . e e Vo e————— e
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the floor slad will be subjected to & pressure of 2 Peo acting outward
at some later time,

The loading conditions discussed above are summarized in
Fig. 5.09, '

§) Interlor Doors and Velves. As stated in Sac, 5.02 the
dimensions and configuretions of the entranteways sre such that It s
19t a8 tblc to ryrute the losdiry as 8 functlon of time on blast cleaure
davicen at ths interior end of the entrance corridor, Based cn experimenzal
data avalladle. the average peak overpressure on such closures can be
a3 low a3 tha side-on ovarpressurs outside and as high as about twice the
slde-cn overpressure ocutside (Ref. 5.05). Even in the latter cass ths
loading 1y not e true shock loading, l.e., the overpressure rlsas .
erratically to & waxieum velua of sbout twice tha psak pide-on overpressure
outside, ‘

Therafore, It 1s consarvative to assuss that blast clowsure
davicas located In corridors or ducts are subjected ¢o an (afinite step~
pulse with a maximum overprassure of 100 osi,

6) Exterlor Flush Door., Yhe loading on an exterior flush éoov
at the outside of ths entrance structure Is dependant on the peak Incldent
overpresaure and the weapon yleld (50 pal and 1 KT for this report), tha
orientetion of the door with vaspoct o tha Blist wove, and the
dimensions of the stroctural face houslng the docr.

The orisatation of the door with respect to the blast wave
determines the psak reflected pressure to which the door is aubjectod.
This reflected pressure may vary from the peak lncident overpresiurse
{i.e., S0 p3l) for & horizontal door, or varticel door facing swsy from
the blast, to the full reflectad pressure {i.e., 200 psi) for a verticel
door facing the blast. Reflection factors, l.e., tha retio of the
refiectad pressure 20 the inclident preasure, for various incldent pressures
ere presentad in Ref, 5.01 (Fig., 3.718). An ldasiized relationship
batwoen the reflectad pressure and the angle of incidence for 50 pst is
plotted in Fig, 5.09,
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The dimensions of the structural fece heusing the door detersine ' N
the duration of the reflectsd pressure splks; the smaller these dimensions,
the shorter the durstion ef ths reflected pregsure. However, it Is
consarvative to assuma on Infinite duratlon sisp pulse of the reflected
pressure. If desired, a aore precise losd-time history can bo eveluated
in the menner described in Ref. 5.01 (Chapter 4) and the requirod
structural resistancs dotormined using the methods described in Refs, 1 -
$.06 and 5.07. | o

5.04 PROMPT RACIATION EFFECTS | -
1) _Introduction. For anaiysis of shelter 3hloldlng sffective-

ness it 1s necessary to know the emount of radistion of cach type, of

various ensrgles, snd its Incidence on the shelter from each dirsction, "

This must ba known, If not precisaly, at leest roughly, Various factors :

snter Into such a dotohtnatlon, 6.9., the distance from the wespon

axplosion, the angie of line of sight above the horizon, the orientation

of the shsiter relative to the direction of the line of sight, ths type -

of weapon, and the 3ize of weapon., . R
Rost of the avallabie information relates to the total Initial

flux or dose measured at varlous disiances frow & nuclesr explosion of

a certeln slze., For the purposes of this report, it is assumed that &

reasonable estimate of this total can bs =ade and che data given In

“The Effects of Nuclear Weapons' (Ref, 5.¢1} is valld, On the other hend,

the nroportion coming from the verlous directions, tha divislon smong

the various energy groups, and the bl-persestric distributlen of

. proportion both In snargy ard direction ars very poorly known, However,

for design purposes It ig necessary to wake some estimate of the situation, -

The estimate which follows ls based on pregently asveliisble unclassified

Information for the spaciflc condition of particular Interest, i.6., #8

a distance on the order of one wile from the axplosion & nuclear wespon

in the msgaton range. This I3 the spproximste range for the 50 psi level
for 8 1 NT weapon,
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Ind data on energy &nd
dirsctional distributions for precissly tim circusstsncss congldersd In -
the presest problem, However, 1t can ba dumonstreted that modarate varla-
tlong frem tha basic lrput data are of ainor {mportance, This is

fortunate since it permits the use of certaln experimental and snalyticel
dote presanted for slightly different situations, and it maias eny R
critarie darived useful over a range of situations instead of baing
applicadbie only to the precise situatica assumed herein. A discussion : E'.:f
of the lmportance of the varlous parameters in the problem follaws, '

(b} Energy Spectyuwm Verletion with Oistance. Ref. 5.01 e

(pars. 8.84) statos with regard to the gamma energy spectrum: *... the n

enargy spectrue observed at & particular distance from the explosion
will ba different froa that 3t almost any othar distance because the voriouws
components ere dagraded In energy and absorbad diffsrently in thelr

passage throuch air or othar sttenusting eadiun," For neutrons, It

' states (pars, 8.96)3 *... aithough the total nuber of neutrons recelved ...
decreasez with Increasing distence, the proportions tn the varleus energy f}j
ranges remain essantially the same througkout," N
It s bellaved that these twd statemants tend 2o create lepres- ,.,..‘,

slons which are @ bIt extrome In oach direction. Fo~ practice} shialding »
purposes, the varletlon In the spectrum for goues ravs Is probably aot
great for dlstaace varlations of many hundrsd of fast. Rav. 5.08
{Section 5{7)) makes & specliilc poing that the distributlon of scattered
photons within & vary few msan-free-paths {say, sbout 2 thousand feet tn
air} resches & “quasi-equilibyiue® condltion which varles rether slowly.
Ref. 5.02 shows 8 compariscn botwesn ths enargy distribution of gamss
rays at 4500 2. end 9000 fi., In which the geumsma rays from alr v
{nitrogen) capture show no major chinges, althoush the rays fros flesios o
products show # cortsin degres of bsrdunlng with distance change of -
this amount, Sinca tha altrogon cepture effect Is shown 1o prowide
most of the dose 8% both thete ronges, the overall effect would ect -
lesd to sny melor, rapléd chsnges of spectrum st thess dlstances. .
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o on the other hand, the statement of Ref. 5.01 with respect

to neutrons |s mads on the basis that the plotted linas of response
versus distance for various threshold dstectors are presused to be
paraliel. Inspaction of Flé. 8.95, Ref. 5.01, will indicate thal they
are not purallel exactly, and that for large changes In distance &
hardanlng of the spectrum takes place, Therefore, it 1s belleved propar
to sssume that for both types of radletion an energy spectrum obtainad
at any polnt beyond'muo ft. from the explosion Is probably valld for
othar ranges within many hundreds of feet of that point, but becozes less
valld at more widsely different ranges, slthough nautron aspsctrel
variations are probably lass extreme than gsmma ray varlstions.

(c) Energy Spectrum Variation with Bosb Type and Size.
Thers appears to be very little In the unclassifisd literstura on this
mdtter, As long as the waapon is lavgely a flssicn yleld type, there
should be little essential difference with size, sside froa minor
perturbations caused by varlations In tha detallad deslgn of ths wedpon
and its casing, A fuslon type weepon, oa tha other hand, can emlt high
energy neutrons, around 14 MeV; and tha only gmwa resulting is that
conleg from yecondary reactions of the neutrons with tha surroundlng
wadlum, Undor these c¢lrouwastances, rethar appreciable varlation In giams
and nsutvon spactrum might be sxpected, aven though a rather slallar
state of '“quasivaquilibrius® may com into existance avter soma distance,
Howsver, bligh ylald weapons era part flsalon and part fuslon end the
wlxture of the two would provide & spectrua approsching more ar 1sss
the flsslon waspon spectruss, Likewlss, #o ppproprlate deglgn for a high
yleld weapon is to have the fusion resctants surrounded by a *blasket"
of uranium which will gborb tha high energy neuteons froa fusion end
thereby fianlon by interection with thene fast neutrons {ses pora. 1.57,
Re?, 5.01). Under the circumstsnces, !t sppeers that the use of the
snorgy spectrus associated with purely fission wespons 15 ressonsbdle,
with the qualificetion that & separata znalysis should be made for o
waspon which I8 largely of the fusion type, should inforwation on its
snergy spectrum at redsoadble distsnces aver becore kntwd,
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For- lerge weapons of any typs there i3 another effect whose
Influsnce on gamua spectral distribution can be discussed only In a
rather qualitative manner. This is somstimes cslled the **hydrodynamic
effect.® It i3 relsted to tha fact that the creatlon and sxpansion of
3 high pressure, high density shock frout, followad by a balow etmospheric
pressure phase, varies the amaunt and distribution of alr which serves
as an attenusting medium for the fission product component of the
initizl gawma rodiation. This varistion is & function of time and becomes
most significant when the shock front is In the vicinlty of the shelter.
Ouring this period, the percentage of the radiation due to early fisslon
product decay Is grestly enhanced, The grestest effect, of course, Is -
on the total radlation recelved; but as far as energy distributlon is »
concerned, the overall spectrum will bocome softer and will appear more
1ites a spectral distribution at a closer rangs, It !s on the side of
conssrvatism to ignore this spectral softening, although the sffect on
total radlation dos» and flux wust ba recognized. '

(d) Directional Spectrum Variation with Distance and
Yype of Bomh, Ref. 5.10 Is quoted a8 follows: "In the several ovents
for which angular distribution deta were obtained In Opsration Plusbbob,
tha sngular distribugions of both neutrons and gemsa rays wers observed
to be rathar lasensitive to the typa of wespon and to the distance from
the burst polnts," The distances involved In thesa axperiments wera from
4065 to S475 ft, The boab sizes wore al) near rcminal magnitude, These
distences are in the range of Interest for this problea, but the weapons
sixes ere not e3 large an desired, However, slnce wazpon size Is not
consldeiad @ sufficiently signlficent fector for varying energy spactrum
It can probably also be ignored in connection with varletions lo direce
tionsl spectrum,
(e) Effect of Changes In Slope of Line of Sight to

Explosion Poliut., This factor 1s Important because of the presence of
the sarch-alr Jaterface which affecss the radiation fleld., There is »
dofinite offect on the valuo of the totel dose (pago 414 of Ref. 5.11;
para. 8,32 of Ref, 5,01; and Ref, 5.12), but for angular distribution
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on a proportional basls the effect Is surprisingly small., Cosputations fI:,:I
by French end Wells (Ref. 5.11) for a homoguneous, isotropic medium are,

pi]

ignoring thelr inclusion of the prompt fission gesmsa rays (which are
largely shielded out in practical cases), ln very good agreement with
the experimental data of Ritchie and Hurst (Ref, 5.10), which were taken
in a case for which the line of sight to the explosion was sbout 20°
from the horizontal, There Is likew!ss very little reason to expect
any major varistion Tn the energy distribution, on & proportional basis,
with change In slope of line of sight.

3) Susmary of Available Informatlon .

(a) Oirectional Distribution, The best Information available
is that of Hurst and Rltchle (Ref. 5.10). It represents the percent of sir- -
dose recsived by an Instriment having an gpertura such that it cen
detoct radiation arriving within i5° of the direction in which ths
instrusent axis Is polnting., It is noted that peoking of the neutron
distribution is not nearly &3 warked a3 of the gewg rays., There I8 no

14
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of the cewea ray cnergy spectrim are shown In Fig, 8,85 of Ref. 5,01,
Flg. 3 of Ref, S.11, and Fig. 4 of Ref, 5,09, All the cats In the steted
roferences are roughly consistent and sro at distances from 3770 fe, to W
G000 ¥2, from @ KV olze wenpon. Vhe dote of Franch ad Wslls should be
corrected by slimination of the prawpt flaslon gamees, The lnformstlon
from Clavke, Helboris, and Gold Is glven #e ralative dode per unit '
saergy bond width, sud ls therafore more lmmedlately useful, In using
it, note must be sada that the figure Yor Flsslon product gemss riys "
includas only those emltied durlng tha flrst second after the explosiva, ‘
and o get tha totel considered as lucludad with the laltial radistion -
It must be multiplicd by about 6,
Inforsation on neutron snargy spectrum is glven In Ref, 5,01

(pages 406 and 407) and in Bef. 5,11 {Fig. 5}. Tacse are in rough sgres-

liportant d!fference batween the kirst and Ritchie results and the
celculstions of Ref, 5.1] and tha formar will ba the basis of design
critovla usad in tiils report. K
(b) Enercy Distributipn. bata svailedle on encrgy distri- ;j'.;
dutlon of gasma rays are roughly, but not precisely, consistent. Graphs b¥
b
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mont, although there are n!dor varjations betwssn theory and experimaat,

- A proclise knowledge of the enorgy'xsp'octm Is not hlighly Important,

sspecially for mrgt» above 0.5 Ms¥, 3ince above tMs energy ths varis-
tion of doss with energy is rather small.

(c} Combined Energy and Directional Dlgtrlbutlons. The
information on this subject is skatchy. Soms experimental informetios
oa neutrons is avallable In Raf. §.10. Theoretical information is

-provided by Ref. S.11 on neutrons, which is compared with the experimental

data., For gassa rays, the only Information found is the analysis in
Ref. S.11 which provldos separate Information on fisslon product gasne
rays and alr-capture geama rays. Since the latter have much higher .
energles present, this should provide some undarstanding of the difference
in behavior (1f any) of the high enorgy snd the low energy component of
the radiation, ’

For geama rays fro= fisslon products, the angular distributioz Is
slightly more peaked than for air-capture gamms rays (Fig. 4 of Ref. 5.11).
Howevar, since the alr-capture gamsa rays originata from 8 rathar diffuse
source (ssveral hundred feet in effcétlw radius around the burst point),
the differsnce In sangular distribution Is probadly not ‘'grestly related .
to the differsnce In energy distribution of tha two componants at thelr
source. It may be surmised on fundamentsl grounds that the radlation
which arrives from directions radically diffarent from tha line of sight
to the explosion polnt will not have any high energy components, Oa
the other band, that srriving In directions near the line of sight will
contain all the high energy cosponent of the radlation, and will gleo
contain some low energy radlation,

The informstion avallable from the two references clted above
Indicate that o similar picture applies for neutrons, Tha high enargy
neutrons are more llkely to cowe from a direction near ths line of aight
then from & warg scattered dlircction, wheroas the low energy asutrons
show & greater degree of lsotropy. Howewsr, fir neutrons this relationship
of direction and ensrgy does not sees to D qi.te as marked 2s la the cese
of gemms rays.
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4) Assumed Prompt Radiation Input Dats - - S
i _ (a) General. It is assumed that the total gosme rey
exposura dose in the open Is known, and that the total neutron flux In
the cpen Is known. Thess cen be cbtained from Ref. 5.0} or classifled e
sources. » ‘
It is to be ompiasized that the prospt radiation imput herein has
heoh selected for the shelier entranceway problem, and {3 conservative
from thet point of view. It Is not necessarily conservative from the
standpoint of shelter roof sttenuation.
(b) Gamma Rays, The following dose angular distribution
for gamaa rays Is considered reasonsble for ranges of spproximately one
alie: -
i 40X of the dose arrives from direction within '
an angle of 15° from the line of sight;
40% of tha dose arrives from diractions between
angles of 15° and 40° from the line of sight, -
equally distributed above tha horizon; ‘
20% of the dose arrives directiony from divections
beyond 40° from the llne of sigh, agually
distributed above the horizon,

If the line of sight Is below 15° with the horizontel, assume that it la
at 15°, Assuss that the radiation dose within 40° of the line of sight
equally distributed throughout the energy spectrum up to 10.8 Hev, If
a single energy Is desired to characterize this component, a vaiue of
about 6 HeV seems ressonable. For the remainder of the radlatlon, which
Is markedly scettored, » value of 0.5 NeV appears sppropriate,

{c) MNeutrons. The following dose sngular disteibution for
neutrons is considered reasonable for ranges of approximately one mile:

15X of the flux arrives from directions within an
angle of 15° from the line of sight;

40% of the flux arrives from directions between #a
angle of 15° and an angle of 45° with the line
of sight; .
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3CX of the flux arrives from directions between
am aagle of 45° and an angle of 75° with the -
Yae of sight; ’ R
15% of the flux arrives from directions bayoad 75°
from the line of sight,

For all Jdirections, oae mey assume the sams cnergy distridution, that Is:

16X of the neutrons have energies over 3 MeV;

10X of the neutrons have energles between 1.5
and 3.0 NeV;

158 of the neutrons have energles between 0,75
and 1.5 NeV; '

65X of the noutrons have energlies between 200 ev
and 0.75 MoV,

The tharmzl neutrons are Ignored as having negligible blologicel consequences,

compared with the higher amergy neutrons,

Since the same enargy distribution is assumed for all directions
the relationship betasen blological dose and flux 1s the same for &ll
divections. If the wotal blologlical dose Is given therefors for neutrons,
cather than flus, the zeme percentages apply as glven abova.

It Is reallioed that the estimates given are based on Inadequate
data. Research is still belng conducted on this subject by various groves,
and within the next yese or two further Information should be forthcomlng,
It s recoamended that after this Information becomes avallable and can
be used to refine the prowpt radlation lnput dats recommended hereln, the
dasligns of the entrasceveys produced from this contract be reviewed to
insure that they are asither lnadequate nor over-conservative,

5.05 FALLOUT RADIATION

1) Introduction. Chapter IX of Ref, 5.01 is davoted entirely
to this subject. The following Is only a dbrief sumiary of the information
contained In that chapter as it applies to the problem of interest of
this report.
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A shelter located at a range of 4600 ft. from a 1 NT weapon
will be suﬁjected to radiation fron the two primary modes of contamination,
1.6., neutron induced activity and fallout. For primarily fission yleld
weapons, the contributton through. the sntrance from the latter source,

&t this range, is considersbly grester than that from neutron Induced
activity.

The amount of contamination and Its distribution sre dependent
upon msny varliables, Including weapon yleld, height of burst,
meteorological conditions, the nature or physical composition of the
surface over which tha weapon !s detonated, and the relative contributions
of fisslon and fuslion to the total yleld., For purposes of thls study It
Is assumed that the 1 MT weapon Is detonated on the surfece of the carth
and that fisslon contributes 100X of the total yleld.

These two assumptions are conservative, particularly the latter
since waapons ylelds of this magnitude usually are fusica wespons triggered
by o fission resction. However, there are other concelvable cases which
could produce even heavier contamination, e.9., & multiple weapon attack
with overlapping fallouz patterns or the detcastion of » wespon in a
heavy relinfall,

Brief conslideration of the ¢ffect of tha many varlables involved
leads qulckly to the conclusicn that an Infinlte nusber of possible
sssusptions cen be made. The preceding assuwptions, though arbitrary,
are believed to ba reasonably, though not excessively, conservetive.

2) One-Hour Raference fOose Rets. Based on data cbtéinad st ‘
auclear weapons tests, 8 reasonable weximum ocnerhour reference dose rate
for design purposes is 10,000 roentgens per hour. Paragraph 9.75, Ref, 5,01,
states In part, ‘“€xcept for lsolated points 1n the lemediate vicinicy
of ground zerqa, observations Indicata that unit-tise refsrence dose
retes greater than about 10,000 roentgens per hour are unlikaly, A possible
reagon 13 that a3 the weapoa vield Increases 10 #1350 does the initial
voluse of the radloactive cloud; hence, the saxluum concentraglua of
activity In the cloud does not change very wuch with the yleld, The
fallout contamination moderately nasr ground zero, whare the dose rate
s high, will thus not Increass In proportion to the yleld, ...”,
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3) Total Accumulated Dose. Assuiing that at this range oo
(4500 ft) fallout bagins to deposit at about one minute after detonation, w
the total sccumulated dose (for en infinite stay time) at 3 ft, above _
the plane of contamination would be 93,000 roentgens. (Fig. 9.20 p, 423, 3
Ref. 5.01).
i 4) Energy Spectrum. In order that use can-be made of extensive -
calculations made by Spencer (Ref. 5.13) and others, it is assused that
the enargy spectrum of the gamma radlation from the contamination Is that
assoclated with fission product decay at about 1| hour after detonatlion,
1% Is considered that this 1s a reasonsble approximation to the energy
spuctrus over the period of occupancy.

5) Dose-Angular Distribution. Spencer (Ref. 5.13) computed
the dose-angular distribution of gaama radistion emitted by fallout, using
the energy spectrum indicated sbove, for various cases of Interest. Thess
calculations have been presented in chart form in Ref, 5.13 and will be
used, as appropriste, to determine contributions through the entrance -
structures,

5.06 THERNAL EFFECTS
1) Primary Effects. The intensity of thormal rediation at & i

rangs of 4600 7t. frox @ 1 N7 wespon s calculated to be on the ordar of |

$800 calories per square centimetsr. This Intenslity, though high, will :

causa no significant damage to expgosed concrete portions of the shalter E

- _ eatrence structure, ‘ ;
t

i

0

!

. .
g Ry e e AR Y

,.Y e, . e

e e
TR T A

LT WML L T
» - Fl . . - -

¢ e e m————

However, combustible matorials In the vicinity of the shelter
entranca, If lgnited, could constigtute @ serlious hazard by producing
noxious gases,

3} Secondary Effects, At this range, the probability of fire
created @3 en Indirect result of the destruction caused by the blast wave
is very high. Whetheor or not such fires constitute a hazsrd to the X
e shelter and Its occupants depends won meny factors including the nature S
3 i f"i of the construction In the vicinity of the sheltar, tha distance botwsen
; bulldings or bulltupness of the srea, the weathar, and the terrein,
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Experimental data and a discussion of the environmental hazards.
to pedple In shelters resulting from fires are glven in Ref. S.14, These
data are of importance to the design of the shelter proper and In
particular to the possible roquivement for on axygen supply and chemicaly
for removal of carbon diaxide, For underground structures the l;eat
generated by fires on the surface will not constitute a hazard to sheltered
personnel. Broido and McMasters show that the heat which would “flow*
down an entrance passage would be small compared to the heat generated
by shalter occupants.

The major problem Is the oxygen depletion and the bulldup of
noxious gases in tha alr outside. This problem can ba solwed by providing
scans for sealing the shelter and malntaining the quallity of the recircu-
lated alr Inside., The problem cen be reduced by locating all entrances,
whather for perscanel or ventllatlon, as far as possible from sources of
fire on the surfece of the ground,
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TABLE S,01

RATIO OF HORIZONTAL TO VERYICAL SOIL PRESSURES

Ko' For Stresses Up te 1,000 pal

Soll Dascriptioa Oynamic Statlc
Undralned Undrained ODralned
Coheslonless Soils, Damp or Ory 174 1/3=dense 173~dense
1/2-lo0sa 1/2~1o0se
Uniaturated Coheslve Solls of Very '
Stiff to Hard Consistancy V3 vt 2
Unaaturated Cohasiva Solls of
Nadium to StIFf Conslagency w2 2 2
Unssturated Cohseslve Solls of , ,
Soft Conslstency ¥V 172 te W4 12 to A4
Saturated Solls of Yery Soft to
v Vientift
Rard Conslstency and Coheslonless 1 %
Solfs 3/4-s0ft
Saturated Solls of Hard Conslstency, .
q, « 4 taf to 20 tef ¥4 to ) L] 2
Seturated Solls of Yery Hard /4 ' 172

Cors istency, g, > 30 tof,
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TABLE S,02
SUBCRADE NCDULLS

Soll Bescription

Rodulus, k
pst per Inch deflection

Cohesfonlass solls

Cohesive solls, vaery stify¥
to hard consistency

Cohasive solls, mediym
to stiff conslistoncy

Cohes ive solls, soft
cons Istency

200

150

100
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TASLE 5,03 -
SEISHIC VELOCITIES OF VARIOUS S0188 - ' ,

LA I
v %y
>

¥

kaed |

v e, e

sofl Type . " x ' clfps) -

et

s

—

o3, dry solls - . 10 - 3,309
Clm. wet soils ) 2.4” - 6,‘”
Coarse, compacted sofls 3,008 - 8,506

Cemented solls (Sendstons) . 2,000 - 14,000
Shale 6,000 - 17,500

Limestone ' ' g ! ' . 7,000 = 21,000
Hetamorphic rocks and volcanic rocks - 10,000 - 22,000

Sould rocks (Granito) : , : 13,000 - 25,006
Jolnted Grealte o ' . 8,000 - 15,009

; Veathered Focks | s 12,000 - 10,000

P
P
P

Liand
el

RSN

A RE A

]
vl

1]
.
AR i MRS e 2

PP e S

LFTE

’

. *‘-‘r -:-"":l M"‘W’;‘P‘Ym'm"wmﬂ""\”‘w wﬁ-jl?m:m:-w«\rmmn ey ) At wwr LI DN IATLNEY PR AAY A ) e i “;m,«hv.@ LRt h t““l"'ﬂ -ﬂr-‘r~-ww wp\r\ T o
DA S AL R R *.‘u‘ LRICNEIATY N“""\.‘J'\ \\~“;l.\ \,,‘\ ‘l \\.‘. » N
“u )
’ WYL AN Y '

Y R
S PP v SRR ’
LR LT S SR S Y.y '1\\..\\.\"..\\.\! \I..}‘J&.::‘&u,‘l“k 'l\:&:}: m "- W




TR ety

i . . . !
¥ : , e 144 N
’ H b - ’ = : L "
4 . - . , .-
i . R . . X
Iy . .
1 f
. i . ‘
. . 1 i .
: Q)
; ) :
) - .
. .
& . ;
!
: o *
X . . .
r
¥ 1
. !
N
! o) .
; (o] . .
} .
: .
A
i

Time, t, sec.

" ema—— .

06

Si0E=-OH OVERPRESSURE VERSUS TIME AT 50 PSI FOR | MT WEAPON

i e

Fig, 5.01

u.zr"""w

: g e R £ ®
4
; 18d *°% ‘ounssesdieng

Haladh T NI

RN Cemmecmn e m v e n e PR

OO N Le et L b A e W =

L T T VPV RN
.

P SO SN Y IR
« et » ‘et ate e
“n‘a"\'\ oL fu'.‘\"‘n‘u .
PP WP T T DI R U0 S P T R PO .S




By Y

LAEad VN

Sy e
.

. -

LAY

AN AL

gy -

30 '

DN .' L

.
- A

PLAN VIEW

B-J

SECTION B-B

e ——

SECTION

e .s

Porie 6ot sovias wvand
LT Y p—
ot s o]
[ |
[ SR SR |

‘w-...

A-A

FI1G. 5,02 ASSUMED ENTRANCE CONFIZURATICH

Vo

R e T T T R PRI
. S et At et '




[V TN S P BT T R | S T I T VS S . fe S me e e e e

N B A N

7

MATLLLELCEI LR

J

bt bl Rl L L L L L.

| HILTFRR 1L

ST B Ay s S o Bkt e s U SR Ry 5 i A P ST B A Il b . 8 S A ot b4 A e M ¢ T ¥ ———— - -

s we s o MRS 5N i 1105 i ey B L 3 0 e T

i
152




.

FIC, 5,04 REFLECTED SHOCK PATTERM N OPEN STAIR
ENTRARCE CONFIGURATION

a

QA e
w \ho‘ e -4‘ W N

o

prom
-
]
.
W

Ty g gt o r,-:n‘\..‘..‘:?“-‘«. - - T [ WAl 0 v e g
Lot e e

DA

. O .
K

N ~
U . »

R e R T R Rt R T S
v . R : PO

.




e

¥
£
- %
B 3
N 3
.
. ‘L
K .
[

T

s e et i e S I N . A o e g

T E i e e o o

v

MR e ‘ ‘ --0--‘- ' Py . «* .l- - N o
.
.’\“‘a“'( ‘. \" \\-‘1"3‘- "' \\'A\i\‘i““l ‘_;‘.“.‘»"-

o SRAPAIR AR Sk s SR ¢

Ko Peo > :

- . I8

e

FIG. 5.05 WALLS ADJACENT YO OPEN STAIRWELL 3
,‘.

[T VT e [r v

e Gopysvisam s © g o
e P ‘—‘c‘_~ o

O e
TR e Y wrp ooy CAM At
- ‘-wv.-—q..- (}- & )




ns - L e

v v ¢ ¢ ¥ Y ¥ 9 ¥

NI A YANTA 77 AN N

_1+sind =
o % T=slng .
? : -
| N
/ \ .
/A W ' "
&Z\VA B
' Fixed Buse ﬁ&! :
! FIC, 5.06 PAESSURES ACTING ON VERTICAL VALL ADJACENT TO GPEM 2
, STAIRVELL-VALL FACING SHOCX FRONT ' .
t .-

P O e s e - ot = e o 4 e
LN

o
.
-
o
‘.
.
‘.
e mmm e e L T e AT R as TR e R e 4N - et W A S ———————t S A B
*
~
-
.
R .
- g o aman e . - - VNS N
R . PR Yt et T ) X : R MR -
PR DER . CVESARY
- . 0 “
DY )



L ) P o et e

-

Y,

Times, sec.

' FOE. S.07 NET LOADING ON SLAB OVER LANDING

g T BT AP SRR LS g B il s

AU e e N
L7 TR - . ‘
TV W L IR,

.«

« Y
S, et

T Yt e

alatdakial

¢




(ONMON¥I AOTIT NOILIIS YOQINY0D YOS SHOILIGNDI IXIQYT

..oocu.:cw opIsiny |y 4100(Q isDig ON
$0. 980D J0g uol}ipuoy Buippo [DUOlIPPY (Q)

Q0 +%%

#
IS SISSSS

7R

N

\\s »
4

120

.......

% vame —v

. W
N7 Z

My Pty \A..... 62 . \Baax

Y Y
—7 7/
UL T

Y

q\\‘\\\k\\‘\\\\

90 +%%

............
Tt e e

.......

...................

....

40 Aemns go’s *91d

‘uoRIpuey Buipoo deng (0)

o+ 0

.........

I IIIIIIIIIIY
- 2N
% L
/] 2
N7 Z
i/ Z
2 2
“ “
|
_\ 7 \LU\\\\\\\\A .

=g+ %

e A g o, .

il i bt el At S her-
............

%y

St

- ———an a4 Atetams o

B U = T LA VRN
1 e e iy :

v
A eV
N ®

s T 2o
NN

ey
. B
-

- AN
[Vl S

4 st g
B we

AR
ENRA Y
*‘.“,}“,,"-l' .
L S W V. W)

™ \.\'t \i’.&k N
DN W

e Pa et

DR

N ]
o

-t
e

>t ey
e, e

LN

LT AL L SR

.
-_"Q .




Srray.

i

" ‘- !‘ hd ’). -
AN ALY

T e Ny

PN TS

RN CNESAARNE

o

TR o e w .t ta

..

' ] Lo
Shock
Front
200
]
o y,
&
.f- 1508
5
e /
o /
0.
© /
&
-4 |
e
-]
(4
x 7
[ #]
& P
-
sod
) 5 45 60 76 %0
Angie Of Incidence, a, degroes
FIG, 5,09 PEAX REFLECTED PRESSURE VERSUS ANGLE OF INMC(DENCE FOR
SO PS) SIDE~ON OVERPRESSURE

e s e e B AN . A m gt v
CANA ..x‘-‘:;“ e e R LN ST -“_.‘-_w'..\‘;
" SRR AR AN

-

., LA et
SO o et et .

e
* . Tt e, toaty vt .
o e R A R T T T AN et s,

ey

.
LA

.

L)
»

T
LAY

Wl LA

.
PR

r - .~".:‘

T

PSS s TP

P e




Sec. 6.0 123
CHAPTER 6, RADIATION SHIELDING. DES!GH PARAMETERS
6.00 (NTRODUCTION '
The prime objective of this chapter Is to discuss the shiclding

properties of materials and the radiation protectfon afforded by the

; entranceway elements, [.e,, entrance opening, corridor lengths and bends,
and barrlers.

ST e P T S GRPAN YW TR )

' Charts are presented of reduction factor versus solid angle
fraction and mass thickness for prompt and residual qamma vadiation

: and for prompt neutvon radlation, A detailed design procedure utilizing
these charts is presented in Chapter 8,

6.02 PROPORTIONS OF VARIOUS CONTRIBUTIONS

1) General, The total dose received within the shelter Is
: the sum of the prompt radliation dose and the residusl radiation dose
contributed both through the entranceway and through the shelter proper.
Therefore, in ordar to design elther of these components the relative
proportions of each type of dose must be establlished.

2) Entrancewly vs Shelter Proper, The percentage of the total
dose (prospt plus residual) which can be accepted through the entrancewey
cannot be established a priorl, In general form, the relationship betwsen
the amount which Is contributed through all entrenceways and the amount
which i3 contributed through the shelter proper con be expressed ss

e . o ——

o
-
-

wherse Pf = protection factor des!red
Rf w reductlion factor deslired

C. = contribution through the entrance corridor

C, = contributlion through walls and roof of tha shalter

The Iatec-ralationship of Ce and Cs Is shown graphlically In Flg. 6,01,
Vhen 'ff! w 0, the mass thlickness roquired In the shelter for o
: f
€
glven goometry 1o & minimum; conversely, when ie =], It Is a2 saxisum,
f

R
.
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Since this study is devoted exclusiwely to entranceways and
consequently with no prior knowledge of a particular shelter, it has been
assumed that heif of the total contributiom Is recelved through the
entrancewey and the other half through the shelter proper. Comparative
desligns for a particular shelter complax mey ladlcote thst some other
proportion is more economical. , '

3) Prompt vs Resldual. As im the case of proportioning the
céntrlbut!on betwaen the entrancesmy and the shelter proper, It Is _
difficult to proportion accurately the entramscemy contribution betwaea
the prompt gamme radiztion, prompt meutrom radistion and residus!
radlation before the design of the eatramcemy. This proportioning
will not only be depsndent on the reiative dose levels of the threo
types of radistion, but also on the resultisg emtrancemay conflguration.

For prelimloary desiga purposes Im this study it has beea
assumed thats ‘

8. One-half of the contributlom through the entranceway
Is resfduai radlationm. ‘

b. One-half of the contributlom through the entrsnceway
Is prompt redlation, divided egually between prospt
qamd and prompt neutron.

Vhile this distribution has bess wsed In this report, cospara-
tive designs of a complete shelter may Indlcate that some othor proportions
are wore econvmical,

4) Proportions Assumed for Deslon Exsmp la, For this study,
the followlng contributions have besn assumed s the 1lustrative design
exanple of Chapter 92

. o it -




e AT IS

>t —--»y«.-nwy—w-,mg-,wtl‘* "

r sy —

[RPTPTpeYPY HS

O —— Caw v

e -

.-

Sec. 6.03 » oo 128

Total Dose (40 rads)

Sholtcr‘? Ent rancewsy
(20 rads (20 r;ds)
| :
[] [ ] [] | ]
: P : :
Prompt Res ldual Res [ dusl Prospt
(10 rads) - (10 :'ads)
{
[}
T "
! :
Keut ron Cacaa
(5 rads) {5 rads)

5) Recoomended Procedurs, B8ased on the above comsents, It
Is recomssnded that the following procedure be wsed.
s. Deteraine the acceptable tots! radistion dose (prompt
plus residual) which cen be tolarated,
b, Estlmate the totel radistion dose (prompt plus residust)
which caa be accepted through the entrancaway alone,
c. Estimete the proportions of the entrancesay dose which

will be received from the prospt gamms, promdt neutyon,
and resicdual gamma radlation, '

6.03 SHIELDING PROPERYIES OF MATERIALS
1) Beneral, The shielding properties of varlous construction

msteriels asre dependent vpon many varlables, Including

8. the matuve of the radiation, 1.s., shether particle

or eleéctromagnetic wave radlatlon

b, the energy of the radlstion;

c. the gecaetry of the source

d. the geometry of the shleld;

o. the orlentation of the shield with respect to the source;

.......
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) €. the physical properties of the elements comprisiag ths .
i , shigld; and ' b
g. the thickness of the shield,
%o simple formulation can cover all cases of Interest.

2) Shielding Agalnst Fallout Radiatfon, Techniques of shielding
calculations for fallout gosms radlation have bsen presented by Spencer
(Ref. 6.01). The primary external hazard from fallout contsamlnation is
garma radiation. For purposes of calculatlon Spencer used the ranga of
energles associated with fission product decay at 1.12 hours after detona~ N
tlion ‘and assumed the source distributlion to be plansr. In additlen, l'{
Spencer assuaed plane shislds of unlform thickness at varlous orlentetions :.'.‘_
with respect to ths source, The resnlts cbtained are presented In charts
which may be used for analysis and/cr design. Subsequently, these deta .
were presented In slightly different fore In Ref, 6.02, The charts from

LA

b |

the latter reference have baen used for all amalysis and deslgn work in lf,’

: this document. “
3) Shielding Aqainst Prompt Nuclear Radiatlog, imfortunately .-

the problem of shielding against prompt nuclear radiation has not besn :"."

studled s thorouchly as fallout radlation. The laformstion which follows :l;:

i3 based on preliminary calcutations snd has Insdequate expsrimental -
verification, o

There are two forms of prowpt nuclear radiation which are
penetrating and thus hazardous to nheltered perscanel; 1.e,., neutroas
and gamas radlation, A susmary of the available Inforwsticn on the
directions! snd enargy distributlions of both foras Is contalawd In
Sec. 5.04, The assumed radlation Input data presented there are plotted
tn Chart 5.0 for both prompt gemma and prompt neuteon radiatlon,

{a) Shlelding Avainst Promot Gamsa Radiation, As in the

case of fallout gamma radiation, the attenuation of prowpt gamms radistion
by a barrler can be expressed as o function of the mess thickness
{X, psf) of the darrler. That !s, for most cowson construction meterials,
» the same welght per unit ares of barrler will reduce the Intensity of
) . . radiation by spproxismately the same ssmount regardless of the materiasi
used,
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Assualng plane shields and.broad beam nd!otlow. the effectlvcw
ness of various skield thicknesses sty ba calculeted fcrmtm
orlentations of the shield with respect to a line from the polat of
detonation to the point of interest. In Chart 6.0Z the barrier reduction
factor for prompt gamma (nitrogen capture} radiation is plotted as &

rime A Y RSSO W U E, T

o emiete

PORO.

function of mass thickness for various orientations of the shiold. STxce
spproximately 85% of the prompt gamma dose-at this range s cepture gamme
radlatlon emitted by nitrogen nuciel after capturing neutrons, (Ref. 6.63%..
it is conservative ¢o assume that the entire flux Is of this highes
- energy radlation. A
(b) Neutron Shielding. The attenustion of the neutrom €lwe
by a barrier is not so simple. Neutrors may ba elther sctattered ar captured
! by the nuclel comprising the shield with differing probabitities {cross~
; sections) for each of these events and each constituant element of the: ‘
shield., Moreover, meutron cross-sactions, in general, are quite varviable: ‘
with neutron energy 5o that as the neutron loses energy by means of N
scuttaring Interactions, the ratlo of the scsttoering and capturs crosm— _ . [
sections does not resain constant. '

g ren AT
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b e

Fortunately, most soils and ordinary concrete are coapzsod of o
much the same clements in roughly the same relative quantities. The hb
materials therafore have roughly simllar shielding properties,

. The attenuation of neutrons fros a flssion wospon { = 2.5 MaV}
by a plane shield is plotted In Chart 6.03 as a function of mass thickness X
for two orlentations. In Chart 6,04 the barrier veductlion factor for N
. neutrons from fusion weapons (~ 14 MeV) Is plotted as a functlon of mase N
" thickness for two orlentations. Note that these charts should be used N
only for earth and concrete.

6.04 PROMPT RADIATION PROTECTION

l) Entrance Reduction Factor. The dosw recelved at & polmt .‘
within the entrance structure will be less than the “free-Fiold® dose '
aven If the weapon were detonated so that the polnt of burst could be
seen from this point inside. This reductlon Is due tc the fact thet &
portion of tha total dose recelved cutside Is from radistion wirlch hax
been widely scattered,

Y
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It is assumed that tha contribution inside racelved from points
beyond -the fleld of viow Is negligible. Of course some portion of that
rediation will enter the entrance structurs and be scattered from the
walls tomard the polnt of Ianterest, Allowance i3 made for wall scattared
radfatTon Tn Charc 6,07, "

To obtalrn the entrance reduction factor, it is necessary to
compute the solid sagle fraction subtended by the opening at the point
of interest and enter the abscissa of Chart 6,01 with that value. The
value obtalned from the ordinate Is the entrance reduction factor.

Appandix € presents & definition and @ discussion of the solid
angli fractioa. For conveniencé In computing the solid angle fraciion
subtended by a roctng\uhf surface 2t the point of Interest, the solld
angle fraction Is plotted as a function of two parameters “e' and 'a"

In Chart 3 of Ref, 6,02, These paramaters are defined In Appendix C;

2) Gawmn Attenusticn by Bends Beyond Entrance, The reduction
factor for hends beyond the first leg of the entrance corridor may bs
calculated as follows for 90° bends:

(a) Figst ¢0° bend.

Rf‘ «,l cnl

where sf w reduction factor for fisst 90° hend
beyond the entvance leg

@ = solld angle fraction subtended by the
. corvidor section at the next polint of
intorest

(b) Second and subsequent 90° bends.,

l\f“ 0,5 ® i forne 2,300

For convenfence the snlld angle fractions subtended by the standesd
corridor widths of 3 fe. and 4 ft. and for the standard corridor helght
of 7 ft, are plotted as functlion of the corridor length, 2, In Chart 6,05,
3) Heutwron Attenuation In Corrldor Bsyond Flrst Bend., Yhare Is
very little in the war of theory or experisent which bears directly on the

o

c

sl
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S ‘ ‘i‘ problem of the attenuation of ‘neutrons in the entracce structure. There=
Y P fors, the method of solution offered here is not at il precise, The
SR _ ~ spproach s based on data obtalne:i by the Armour Raseacch Foundation om
: ' the streacing of thermal peutrons aiong a two~legged ldealized entrance-

wey, 6 ft. square, (Ref, 6.04). Thesa data Indicate that ths attenustioa
of thermal neutrons down the second leg follows an exponentisi towg
furtherrore, by extrapolating backwerd from the second leg into the first
leg, without regard to the turn at the corner, the same axponential
relationship matches the data for the first leg within & factor of two
or better. Qualitatively, these samwe rasults have also bean cbtained
for thermal neutrons streaming through beat cylindrlcal ducts in reactor
shlelds (see Fig. 4.12.6 of Ref, 6,05). The exponential reiationship
Is.such that the dose Is reduced by approximately & talf for every 4.4
ft. of duct length, measured down the center axis of the corrldor,
repardlass of any turning. It Is supposed therefore that this expaﬁent!a!
rule way serve for all neutrons and that the seme half length occurs for
eery energy group: In cther words, the energy distribution of the neutrons
remains essenilally constant as 1t proceeds through the entrusceway or,
' at least I It doss mot, It Is not too unsafe to assuse that It does.
t The other supposition 1z that this attemﬂon rete scalas
'; directly with the average cross-sactional diwension.. 1t i3 mot unrassonsbie
to assuae that If asutron flux attenvates by neutron colliision with the
walls, an equivalent pleturs can be deswn with corresponding paths at
some other aceles, This can be sssumed provided coreldor cross-secticnal
dlsenslans sre large compared with the neutron msansfres-path in the wall,
Thus, the attenuatlion half<length of » corrldor st thrés-guarters scele
should be threemquarters of that at full scale; or, la teris of corrldor
lincar cross-sectionai dimension, the haif=langth for atzenuation wwid
be the sams nusber of corridor "dismotars' down the corridor regardiess
of scale. it is also reasonable o use the sversgs of sctual width and
haight as an average "dlameter as long as the height<to-width ratlo Is
not greatly different froa unlty.
Thus, to obtain a reduction factor for neutrons streaming
down the entrance coreldor beyond the flrst 90 bend, It I necassary to
obtain a "half=leagth" for the corridor snd thes ¢o divide the total
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' length of corr!dor beyond the first bend by the "ha!f-length“ tc obtain

the nusber of "ba%f-icngths" lovcived,
(s} Hslf-length, -

g_uz-%(‘ni»w) (3?39-2 = §.366 (n + v)

where LU'Z = half length of emtrarce corridor, ft.
2 = height of corridor, Tt.

'] = width of corridor, ft.
(b} Mumber of half-Tengihs.

- | &
M2

where » = nusber of half-icagihs

L = total leagth of curridor to polnt of intorest
beyond the fisst bead,

(c} Reductfon factor fos pewtrons beyond flest 90° bend,

4) Attepuntion by Barrier Shlefding.
{2} Rarrler at entrance. Mhem there 95 a barrler at the

outslde entrance the burrier reductlon fector Is obtalned from Chasts
6.02 glaough €.08 for the appeopriste angle of Incidence and type of
radisation,

() Barriers beyond Flrsg 50 bend.
t. Goewsa Radiation. Yhe energy tevel of that gamse

radlazion which bas scattered through an eagle of 967 cannot be grester
thea 0.51 He¥, regardless of the enargy of the ialtial photons, Tharefore,
# barelor of a given mas3 thickaess (X} will ba more effective for such
scattercd photons than far the higher energy phutons. A barrisr reduction
factor for 0.5 MoV gsemr radlation §s plottod @ o fuaction of mass
thickaess in Chart 6.06,




4 ST, /""""_ i

':'{:’r: ;r: r‘- r‘--t “w— ‘., ‘:_ i

Sec. 6,05 . ' e s

cLEP

Further scattaring will reduce still furiher t'he‘mrgy level
of the radistion, Therefore, It is conservative to use the reduction
factor obtalned from Chart 6.06 for all barrters beyond the second 90° -
turn as wel?,

i 2, Neutrons, 1t s probable that the energy spectrum
RS of the neutron flux beyond the first 90 bend witl be chifted towsrd the
g . lower end of the frec-fleld spectrum for many reasons, Iacluding the fact
¥ . .':,' ' - that all such radiation wust have entered Into s scattering interactlion
L and thus has been degraded to a certaln extent, !n view of qualitative
R considerations it Is probably conservative to use the barrier reduction

‘ factor for no.wal incidence of 2.5 HeV nsutrons In Chart 6.03 for all
intarlor barrlers,

RS

i

e

FOT I g

3. Secondary Gamma Rays. Absorption of therwat
neutrons in the walls of the corridor will In general cause secondary
gammy rays, wiich are very ilkely to create an lmwportent hazerd, even
greater than that caused by the neutrons and gamma roys streaming down
from the entrance. At present there Is no adequate mathed of desligning i
against thls effact, It Is believed that the present degres of conservaiism ‘
Inherent In analysls and design to take care of other hazards will help
this situation to some extent, but whother such an approach to the problea
Is adequate or not Is unknown at this time. It has been suggested that
Introduction of borun Into the walls, perhaps by a sort of “wash® of ’
borex or simller meterial, will help 1n alleviating the secondary gaems I
ray problea, i

}
i

6,05 RESIDUAL RADIATION PROTECTION

1)} Entrance Reductlon Factor. As In the case of prompt radliatlon,
. the dose recelved &t & point Inslde the enirance structure will be less
than that which would be received In the open. The total dose recelved
at such & point is the sum of contributions recelved from “skyshine';
cuntamlnation on an overhead bavrler, If any; and contamination on stalrs
or eny other horizonts! surface below the point of the detector (celled
ground direct).

The proceduras for the calculation of the contributions from
thess sources sre presentad In detall In Ref, 6,02 and will not be presented
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here. The contrlhutlon. from the skyshine may be obtained from Cass 3, _‘ s
Chart 10 of Ref. 6,02, assuming that the dose-engular distribution of s
skyshine is consta